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PREFACE o

This report summarizes information submitted by all investigators 3

participating in the Amchitka Bicenvironmentai Program, pri-
marily during the period up to 2 maonths following the Canaikin - -
detonation, Since technical reviews and editing have required 1I
considerable time, some additional informatior obtained more
recently has been incorporated to enhance the value of the report, -
The contributions of all program personnel are gratefully
acknowledged,
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FOREWORD

FProject Cannikin, the underground nuclear test conducted in the fali of 1971,
Amchitka Island, ﬁlaska was originally expected to take place in September or earl*_i,ur
October, 1971, Many of the pretest hackground data were collected when it was believed
the origina.l plan could be adhered to, However, the test was unavoidably delayed until
November, a delay that had some disappointing conseguences for the success of the field
studies designed to identify and document the prompt bioenvironmental effects of the
detonation, -

November 6, 1971, the day on which the test was conducted, was preceded by
several days of bad weather that hampered late pretest data coliection, observations,
and preparations for testtime experiments, On November 5, when the preparations for
live-box experiments with selected test animals were to have been completed, Amchitka
was swept by a violent starm that produced harricane-force winds, rain, and fog. Pre-
cipitation totalled 0,47 inch, and wind gusts exceeded 80 knots {over 90 mph}, Wind
damage was extensive, While the weather had improved somewhat by the next day, with
clearing skies and increased visibility, the storm on the day before the test forced the
abandonment of all planned experimenta with captive {ish in live hoxes in the marine
environment, The storm also interfered to a lesser extent with the live-box experiments
in freshwater lakes and streams, Also, because the shallow lakes on Amchitka are
subject to stirring and mixing of bottom sediments by wind, the effects of Cannikin on
turbidity, and suspended and dissclved organic matter in the lakes were difficult to
distinguish from the effects of the November 5 storm winds. Intermittent bad weather,
with poor visibility, heavy seas, and moderately strong winds continuing after the
Cannikin detonation, seriously hampered efforts of field parties documenting the hicen-
vironmental effects of the test,

The delay of Cannikin until November meant that scine of the pretest data collected
in anticipation of the earlier event date were less useful for comparison with post-
Cannikin data, In view of this, and because of the unfavorable weather that prevailed
before, during, and after the test, the present report cannot give as precise and well-
decumented an assessment of the prompt bicenvironmental consequences of Cannikin as
its authors and contributors would like to have submitted. Deapite these adversitiess, a
large amount of useful information was collected, certainly encugh to enable an eval-
uation of the early bicenvironmental effects of Cannikin, Certain effects, such as those
related to changes in surface drainage, cannot be fully assessed yet, and are the subject
of continuing study.

All of the princtpal investigators involved in the Cannikin phase of the Amchitka
Bicenvironmental Program [Appendix ¥} submitted input data and.analyses for this D+2
months report, These contributions varied considerably in format, in amount of factual
detail provided, and in the degree of extrapolation made from the datz presented, The
compilers of this report have undertaken the task of integrating the reports from the
various contribetors into a single, unified report of Cannikin bicenvironmental effects,
To the best of their ability, they have presented the significant data and observations
provided by all investigators, They have, however, exercised their judgment in
determining the extent to which the data justify extrapolation regarding the long-term
effects of the Cannikin test on Amchitka ecosystems, [n general, they have followed a
policy of caution, avoiding speculative judgments and projections, For adopting this
pelicy, they accept full responsibility,

I,B.K/R.G.F.

Columbus, Ohio
June, 1972
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ADTFLEG Alaska Department of Fish and Game
AEC . United States Atomic Energy Commission
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BICENVIRONMENTAL SAFETY STUDIES, AMCHITKA ISLAND, ALASKA
CANNIKIN D+2 MONTHS REPORT

Compiled
by

James B, Kirkwood and R, Glen Fuller

June, 1972

ABSTRACT

Cannikin, an undergrownd nuclear test of lese than 5 megatoms,
wag fired on November 8, 1271, at Amehitha Telemd, Alaska. FPre- and
postevent atudies were conducted by a mumber of itnvestigators to aseess
the effecte of Canmikin on the Amchitka ecosystems. Thie report gives
the preliminary evaluation of those effects, baged on analysie of data
eollected during the firat 2 months after the test, supplemented in a —
few instances by more current information.

Individuale of several species of marine marmals, waterfowl, and
marine and freshuater fieh were killed by the test, but no animal
population on or around the Island was jeopardized. The total numbers
killed can only be estimated, and the reliability of the estimation
is gemerally low because stormy weather around teat time hampered
observation and recovery of casualties, especiaily in the marine
environment.

During posttest beach searches, 18 dead sea otters, 3 injured
8ea otters, 2 abandoned sea otter pupe, and 4 dead harbor geals were
found. This very probably represents only a fraction of the total
number of sea ottere and seals killed, but data for reliable eati-
matione of total logees are not available.

Individuala representing at least § species of marine. figh
were killed, and about 300 specimens were recovered. Most of these
were rock greenling foumd om o intertidal bemoh uplifted as a result
of ground motion from Cannikin., Judging by comparison of pre~ and
poetevent bottom-trawl cateh data, investigators esiimated that thou-
sands of rock sole, an offehore botiom figh, were probably killed.

Intertidal communities of algae, invertebrates, and fish are "
being affected along a 2-km section of the Bering Sea coast, where
the intertidal beneh was permanently uplifted by a8 much as 1.1 m in
some places. The extent of the bicenvirovmental effects attribut-
able to this wplift eamot be determined without further investi-
gation.. N ..

Several mmdred Dolly Varden and about 10,000 threespine
stickieback were killed in freshwater lakes near Caowmikin surface
zerc. About 70 percent of these fieh were ¥illed when the lakes
they inhabited were dratned by tilting, or through fissures that
opened in the lake bottams.



Eighteen dead birds, representing 7 species of waterfowl, were
recovered post-Canmikin. The total number of birde killed cannot ke
vremsely estimated; ccmpa.mson of population counts made before and
after Comnikin shoved no significant decline in density of any spemes
of birds.

No dead bald eagles or peregrine falecons were found, but sixz
eagle nesting sites and three peregrine eyries were destroyed on
demaged., Two of the eyries were among a group of three located fairly
close together and used by a single nesting patr. The effect of the
losg of 2 out of & altermative nest sites on the nesting behavior of
this pair will not be known wntil the 1372 nesting season. The third
eyrie, damaged by Milrow, sustained further damage from Comikin,

The effeats of Cannikin on geomorphio features were considerably
greater than had been predioted. Cpastal roockfalls and turf alides
cm the Bering Sea scast adjacent to Cannikin were extensive. 4
mintmum of some 25,000 mS of rock and turf were dielodged alang the
Bering Sea coast, a large fraction of {1t along a 2-km section of
coastiine., Much smaller amounts of rock and turf were dislodged along
the Pasifio Ogean coast. Inland, 6 small lakes near Comikin surface
zere Lere amplef:ely drained and 10 were partiglly drained. New
lakes are forming in the aink formed when the C’mmkm-cmnty
collapae reached the surface. Some ponding 8 alseo ocourring along
streams where turf glides or bank caving damwmed the siream flow. -
Stpean flow in the lover region of the stream draining the Comikin
site hae been greatly reduced; runoff from the upper portion of the 7
drainage is now being intercepted by the collapse sink. -

BACKGROUND

Amchitka Island, Alaska, was the site of an underground nuclear test, Project
Long Shot, conducted in October, 1965, by the U, S, Department of Defense with the
Atomic Energy Gommission's (AEC) assistance, The bicenvironmental eifects of that
test are described by Seymour and Nakatani (1967}, '

Smce the fall of 1967, after Amchitka was again selected as a potentlal site for
underground nuclear testing, Battelle's Columbus Laboratories {BCL) has coordinated
and conducted research on the marine, freshwater, and terrestrial ecosystems of
Amchitka (Figure 1), These investigations are designed to predict, evaluate;.and docu-
ment the effects on the biota and environment from nuclear tests, to recommend
measures for minimizing adverse effects, and to predict and evaluateé the potential
hazards to min that might result from the accidental release of radionuclides to the
environment and their subsequent transport to humans via marine focd chains, The
studies are being conducted by BCL, BCL's subcontractors and consultants, and other
contractors of the U, S, Atomic Energy Commission's Nevada Operations Office -
(AEG-NVOQ). All studies are sponsored by AEC-NVQOO as part of its supplemental
nuclear-test-zsite program, A list of all reports emanating from these studies to date
ig given in Appendix E,
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By 1969 it had been tentatively concluded that nuclear devices of high yield (} mega-
ton or higher) could be detonated safely underground at Amchitka, but experimental veri-
fication of this conclugion was considered desirable, By the fall of 1969, preparations
were completed for the detonation of a "'calibration" muclear test, Project Milrow, with
a design yield of about 1 megaton. Preevent predictions were that an unde rground
detonation of that magnitude, carried out during the autumn, would have only slight and
trangient effects on Amchitka's ecosystems. Among the objectives of Milrow was to
test the reliability of these predictions, and to provide baseline information from which
the effects of a somewhat higher yield shot at this site could be predicted,

Extensive observations, experiments, and measurements were carried out in
conjunction with Milrow, Late pre-and early posttest visual surveys, sample collections,
and photography were used ito identify and document effects of the calibration shot on the
terrain and the biota, Sea otters, fish, and marine invertebrates were held in pens or
live boxes at various distances from SZ%* to determine their response to ground shock
and the associated pressure pulses in the freshwater and marine environments; these
shock forces and water-pressure puises were also recorded at a number of stations,
some of which were located near the pens and boxes in which animals were held,

Milrow was detonated at 12:06 p.m, Bering Daylight Time, October 2, 1969, The
ground-shock and water-pressure pulses generated by Milrow were reported by Merritt
{1971), and the early bicenvironmental effects detected within the first few weeksTol-

lowing the test were reported by Kirkwood {1970) and Merritt {1970). The effects noted
were

e A few fish in the nearshore marine envirecnment may have been injured
or killed, but no dead fish were vecovered in postevent searches,

e Rock and soil slides that cccurred in a few coastal areas near S5Z
smothered some animals and plants in the intertidal and subtidal zones,

® Two freshwater lakes near SZ were partially drained; these lakes were
not of major importance for fish or as bird-nesting areas,

# One freshwater lake about 3.5 krm from SZ suffered a decrease in
zooplankton,

® MNumerous threespine sticklebacks were killed in two small lakes
near SZ. This fish is an important link in the food chain of Dolly
Varden and some bird species, ({MNatural reproduction of sticklebacks
occurred in these lakes during the season following Milrow, and
populations are expected to return to normal in 1-3 years,)

® Approximately 2900 and 7600 m3 of rock and peat materials fell along

" the Pacific Ocean and Bering Sea coasts, respectively, (This dis-
turbafice of the coastal cliff habitat did not appreciably affect the
nesting of bald eagles, peregrine falcons, or other cliff-nesting
birds in subsequent seasons,) '

* Surface zero; the point on the land surface at the top of the device -emplacement hole.
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As predicted, the immediate effects of Milrow on the bicenvironment were slight,
Almost all of the animals held in live boxes survived the detonation, and data were
collected on the ground-shock forces and pressure pulses to which these test animals
had been expased. Subsequent investigations have largely confirmed the early concluiions
regarding the effects. of Milrow, but one additional bicenvironmental disturbance was *
later detected, In April, 1970, beach reconnaissance during a period of daytime low’
tides disclosed evidence of a recent uplift of ~12 ¢m in a section of the intertidal rock
bench, zbout 1400-m from Milrow SZ, on the Pacific Ocean shore, This vertical dis-
placement is thought to have been due to Milrow [on the basis of indirect evidence}, The
shift, although slight in the vertical dimension, produced detectiable changes in the
species composition of aligal and invertebrate communities over an estimated several
thousand square meters of intertidal bench, These changes are still under investigation,
The intertidal area affected is a very small portion of the total amount of intertidal-
bench habitat along the [sland.

PREDICTIONS OF CANNIKIN BICENVIRONMENTAL EFFECTS

Following Milrow, plans were initiated for a larger-yield underground nuclear
test on Amchitka, This test, Cannikin, was tentatively scheduled for the fall of 1971,
at a site about 8 km NW of the Milrow site, The Cannikin device was designed for a
yield of less than 5 megatons {(AEC Environmental Statement, Cannikin, 1971), The
exact design yield is classified information and cannot be reported here. The focus of
the Amchitka bioenvironmental studies was shifted to the locale of the proposed Cannikin
test, and background data on which to base effects predictions, and document the eco-
togical effects of Cannikin, were collected and analyzed.

Predictions of the probable effects of Cannikin on Amchitka ecosystems were
reported in an Environmental Statement {AEC, 1971), These predictions were updated,
on the basis of contributions irom all investigators participating in the Amchitka Bio-
environmental Program, and presented by Kirkwood and Fuller {1971); 2 summary of the
updated predictions is given in the abstract of that report,

""The effects of Cannikin on the environment and biota
in the terrestrial, freshwater, and marine ecosystems of
Amchitka are predicted to be of somewhat greater magnitude "
than the effects of Milrow, However, no plant or animal
populaticn is expected to be endangered. These predictions
are Hased on'the assumption that the Cannikin detonation will
oceur in the autumn, and that predictions of ground shock and
underwater pressure changes supplied by AEC-NVQO are
essentlally correct,



Cannikin is expected to affect terrestrial habitats
over a larger area than Miirow did; small rock fzlls and turf
slides are predicted along several miles of coastline, How-
e’ver, the total amount of material involved is not congidered
likely to be of ecological consequence, since no single large
falls are predicted,
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"Bald eagle nesting sites and peregrine falcon eyries
pccupied in 1971 are not likely to be destroyed, although one
or two eagle nesting sites and one falcon nesting site may be 3
rendered unusable. Population densities, distributions, and
reproductive potentials of these species are not expected to
be significantly affected. Other avian populations should not
he threatened.
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Some fraction of the fish in freshwater streams and
lakes near Cannikin surface zero may be killed, but otherwise
effects in the freshwater ecosystem will be minor,

Combining the relevant estimates yields a prediction
that perhaps 20 to 240 sea otters might be exposed to over-
pressures severe encugh to rupture their eardrums and ulti- =
mately result in their death, bul past observations on the
effects of harvest and transplant removals from the populations
suggest a loss of this magnitude would have no long-range e 7
effect on population, Populations of other marine mammals -
{Steller's sea lions and harbor seals) will alsoc be unaffected, '

F'ish populations in the marine environment will not wi
be endangered, although sizable numbers of individuals of 14‘
Pacific cod and some rockfish species may be killed if the
'worst credible’ predictions prove correct, Small intertidal
bench areas may be disrupted, but succession and recolonization
will be expected to restore the biota of such areas, and effects
on food webs in the marine environment will be minimal, No
adverse effects of ecological consequence are expected in the 5
marine ecosystem around Amchitka," ' ' '

‘Information furnished by AEC-NVOOQ indicated that the Cannikin test was designed &
for complete containment of radicactivity underground (U, S. Atomic Energy Commission,

1971}, [t was therefore anticipated that the bicenvironmental effects of Cannil,r.in would
be confined to those associated with ground motion and pressure pulses in water, el
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"EARLY BIOENVIRONMENTAL EFFECTS OF CANNIKIN

Cannikin was detonated at 11:00 a. m. Bering Standard Time, November &, 1971,
about a month later than had been anticipated previously. This report gives the results,
through January 6, 1972, of the Cannikin-related bicenvironmental studies and analyses
designed to identify and evaluate the immediate effects of Cannikin on Amchitka eco-
systems. Pretest baseline data were collected in terrestrial, freshwater, and marine
ecosystems in the vicinity of Cannikin §Z. Live-box testtime experiments were readied
for the test. Comparabie bioenvironmental data were collected posttest, and fishes
exposed in the testtime experiments were examined. Ground-motion and underwater
pressure pulses were recorded at a number of stations by Sandia Laboratories {Appen-
dix A) to provide data for interpreting effects observed on experimental animals and on
free-living biotic populations. Terrain features within the area expected to be affected
by the Cannikin detonation were photographed before and after the test, using large-
format photography and variocus {ilm types {Appendix D).

This report contains data collected and interprefations made by the many investi-
gators who participated in the Amchitka Bicenvironmental Program (Appendix F), as
compiled by the authors,

The emphasis of this report is focused on effects cbserved or measured during
the early postevent period, but the potential long-term significance of these effects is
discussed where practicable. In some instances, however, such a projection would
necessarily be so speculative as to be unjustified. Posttest studies are continping in
order to document and guantify any long-term effects of Cannikin on the Island's eco-
systemns; results of these studies will be covered in subsequent reports,

This report addresses only the question of effects attributable to the detonation of
the Cannikin device, Bivenvirconmental disturbances resulting from construction, site
preparation, drilling, and related AEC activities on Amchitka are beyond the scope of
the repert, and wilil be dealt with as appropriate in other reports. {An example of such
nonnuclear disturbance can be seen in Plate 1, an aerial photograph of Cannikin 52
taken before the detonation. Some 1! hectares (28 acres) of tundra vegetation have
been destroyed at the drill site proper; this does not include access roads, cable runs,
etc., which also appear in the photo¥.)

This D12 months report differs from the Project Cannikin E430 Day Report (U. S.

Atomic Energy Commission, 1972} in a few particulars because it includes additional
data and analyses that have become available since that report was released,

Marine Ecosystems

Pre-Cahikin predictions were that detonation-generated ground-motion and pres-
sure pulses in the ocean might kill or injure substantial numbers of marine mammals
and fish in waters around Amchitka, A major portion of the Cannikin test-related stud-
ies was therefore focused on documenting effects of the test in the marine environment.
The following activities provided information for assessing prompt effects of Cannikin
on marine mammals and other marine biota, and on nearshore physical features of the
marine environment:

“Area measured on BCL vertical photography.
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¢ Late pretest {D-2 and D-~1¥) searches for dead animals were conducted
on all beaches within about 7 km of 8Z,

e Starting late in the afternoon of D-day (as scon as reentry parties couid 52
reach the area), and continuing for several days thereafter, the Bering 5
Sea and Pacific Ocean beaches adjacent to Cannikin SZ were searched for
dead or injured animals; whenever possible, such animals were recovered i

by the searchers and brought to the biclogical laboratories for examination.

During the beach searches cbvious physical changes in the coastal area o
affecting marine bicta were also noted. The searches were conducted e
by personnel representing the Alaska Department of Fish and Game
(ADF &G, the AEC-NVQO Oifice of Effects Evaluation, BCL, the :
U, 5. Department of the Interior’s Fish and Wildlife Service {FWS),
the Y. 5, Department of Commerce's Naticnal Marine Fisheries N
Service {NMFS), the University of Arizona [(UAz), the Unive raity of

Washington's Fisheries Research Institute {FRI), and the University kS
of Washington's Laboratory of Radiation Ecology (LRE}. {Numerous
helicopter overflights were also made along the coast during the early
postiest pericd to assist in the search for and recovery of any dead or
injured marine animals in this area.}

I
n

Rt L

® Late pretest and early posttest visual counts of sea otters in the Bering
S5ea and Pacific Ocean adjacent to Cannikin 8Z were made from a heli-
copter by personnel of BCL and FWS,

—\:

Poastevent visual counts of sea otters along the adjacent Bering Sea
coast were also made by 2 UAz investigator from shore observation
stations. ADF &G persounel also counted sea otters from a helicopter

along the Bering Sea coast adjacent to Cannikin SZ on D+1}! through D413, :1

e Autopaies of mammals, birds, and fish collected immediately after

Cannikin were made by a veterinarian from the Arctic Health Research J

Center, U. 5. Public Heaith Service (AHRC). One ctter collected on o

D+16 was autopsied by a UAz biclogist. i

# Pre- and posttest sampling of offshore marine fish populations with vj
bottom and midwater trawis and salmon longline was carried out from

the M/V Commander by FRI, _ 5

T i

8 Fre- and pesttest fish populations in nearshore waters were sampled
with trammnmiei nets by FRI. FPre- and posttest visual chservations were o
also made by FRI biclogists along marked transects estabilished in " ’
the intertidal-bench area of the Bering Sea coast. Subtidal bottom
transects were sampied pre~ and postevent by biclogist/divers of
NMES to ascertain the effect of the test on green sea urchin
(Strohgylocentrotus polyacanthus) populations (sea urchins are one
item in the zea otter diet),

‘D-day, the day when the device was detonated; D -1, ane day before the device was detopated; D41, one day after the
device was detonated,

£y

&
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# Physical changes on the beach and in the nearshore waters (rock and
tundra falls, turbidity near shore, etc, ) were recorded on aerial photo-
graphs by BCL and were observed by FRI biologists and others, NMFS
divers, searching for evidence of physical disturbance on the sea bottom,
made a brief reconnaissance in two shallow subtidal areas in the Bering
Sea off Cannikin SZ. Changes in the elevation of the intertidal bench
were measured at a few locations by Holmes & Narver, Inc., surveyors,
although completion of the surveys will not be poasible until daytime low
tides occur in spring 1972,

Marine Mammals

Marine mammal investigations at Amchitka were carried out by personnel of
UJAz, ADF&G, BCL, and FWS; many other bicenvironmental program personnel also
assisted in testtime searches and cbservationa. The objectives of the Cannikin-related
marine mammal studies were: (1) to determine changes in Amchitka marine mammal
populations atiributable to Cannikin: (2) to locate and recover marine mammals injured
or killed by the test; and (3} to determine the cause of injury or death for animals
recovered, Marine mammal studies were directed primarily, but not exclusively, to
effects on the sea otter (Enhydra lutris),

Beifore Cannikin it was predicted that perhaps 20 to 240 sea otters might be killed
or fatally injured by underwater pressure pulses from the shot {Kirkwood and Fuller,.
1971). For reasons given in that report, it was postulated that otters experiencing™
underwater overpressures of 100 psi* or more might be fatally injured. Isobars enclos-
ing the areas where such overpreasures were expected, at the ocean floor, were plotied
for the Bering Sea and Pacific Ocean waters off Cannikin SZ*¥ (Figure 2), and these
aresas were taken into account in planning sea otter studies, and in predicting potential
otter casualties. The wide range in number of casualties predicied indicates that many
factors invelved in the prediction were not precisely known: e.g., the absolute number
of otters within the postulated area of hazard; their daily behavioral patterns of diving,
resting, hauling cut, etc.; and the influence of weather, sea state, and seascn on
behavior,

Pre-Cannikin studies included visual counts from shore stations and from heli-
copter overflights. Beach transects were surveyed monthly during the year prior to
Cannikin to determine the pattern of natural mortality of sea otters and other marine
mammals.” Figure 2 shows the preevent transects. Post-Cannikin investigations
involved counts from shore and helicopter, beach searches, and autopsies of dead or
wounded animals recovered. Figure 3 shows the beaches surveyed intensively post-
Cannikin. The areas searched post-Cannikin do not coincide exaétly with the pte-
Cannikin beach transects because of shottime weather conditions. The strong north-
westerly winds that prevailed after Cannikin {Appendix B) caused animals affected by
the shot to drift;_southeastwa.rd; thus, searches were focused in that direction, The dis-
tribution of the animals found, as shown in Figure 3 {particularly on the Pacific Ocean
coast), demonstrates the effect of the winds on the distribution of casualties:

“Inseruments used ate marked for psi; metric equivalenr 4, 8% x 167 N/m2,
=4, L. Merritt, personal communicarion, 1970,
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FIGURE 2. BEACH TRANSECTS SEARCHED PRE-CANNIKIN TO
ESTABLISH NATURAL MORTALITY OF SEA OTTERS
AT AMCHITKA

The results of the pre-Cannikin beach surveys and the post-Cannikin searches are
combined in Figure 4. The post-Cannikin searches were more intensive, and the areas
searched were greater than those covered during other months of the year. However,
Figure 4 shows that a relatively large number of sea otter mortalities occurred at a
time when natural mortality in the area was probably at a low level; the autopsies per-
formed on animals recovered, discussed below, support the conclusion that most of the
anitnals found dead or injured shortly after the test were in fact casualties of Cannikin.

Table 1| lists the dead or fatally injured sea otters, and abandoned otter pups,
found during the post-Cannikin beach searches. Cause of death is given when possible.
Autopsies show that 8 of the 13 autopsied were killed by pressure effects in water,

2 were crushed by rock faila, and 3 were killed by vertical acceleration {upthrust of the
ground). Other otters recovered were so badly deteriorated, either through putrefac-
tion or scavénging, that autopsies could not be made to determine cause of death.
However, skulls of the sea otter skeletons found on D+20 showed {ractures of the orbital
part of the frontal bone, believed to be evidence of pressure pulse damage, so it was
assumed that these animals were killed by pressure effects from Cannikin.

Arnimals killed by pressure pulse exhibited bleeding from the mouth and nose, and
sometimes from the ears. The lungs and associated tissues were severely

o
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TABLE 1. SUMMARY OF OBSERVATIONS ON 23 SEA OTTERS BELIEVED
TO HAVE BEEN AFFECTED BY CANNIKIN

rate -
Reerieved Locaticn
of Seel Pacific Bering Cord ition Sex:Weight, ke Commenis
D-Bay % tnjured(a} Female: 19,0 Fatally injured by pressute pukse im warer
D+1 X Deadld) Femate: 21.3 Kilted by vertical acceleration forces
-2 x Dead(2} Female: 11.3 Killed by pressuze pulse in water
D42 x Dead(al Female: 19. ¢ Diste
D-2 x Deadi?} Male:  17.2
042 x Deadia} Female: 21.3 Killed by vertical acceleration forees
B+2 X Deadld) Femaile: ~18.1 Killed by pressure pulse in watet
D+ X Dead(2) Female: 20. 3(b) Crushed by rockfall an beach
D+3 X Dead(®) Female: 18.8 Ditie -
D+ X Deadid) Femate: 20, 4% Killed by pressure pulse [n water
D+3 X Dead(2) -- -T2 Killed by vertical aceeleravion feaces
D=3 X Dead{4) Female: 22, s{0 Kifled by pressure pulse in watar i
B4l x Dead{#® -- Carcass deteriorared; autopsy ot feasible
D+ % Dead{3} -- Caught on offshare 10cks
D4 x Injured -- Crippled; not recovered
D+ X Abandoned .- Pup; not recovered
D4 x ' Infured -- Crippled; nor recoverad
D+t X Abandoned .- Pup; recovered but released
D+16 : % . Dead(® -- ¥ilted by pressure pulse in warer; recoverad
. by bottom trawk -2, 3 km offshore
D+20 7 % Dead - ; Skeleton only; skull showed evidence af
' pressure pulie damage
D+20 N X Pead -- ) Dvrro
D+20 - X Dead -- ~ Only part of skeleton found; cause of death
nat known _
D+20 X Dead -- ' Skeleton only; cause of death tot known
Total 1 ig = T

(a) Autopsy performed.
(Y Lacrating.
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hemorrhagic, sometimes with rupture of the lungs. Severe hemorrhage had also
occurred-along the vertebral column and within the spinal canal. Superficial hemor-
rhage was usually seen on the brain. The internal parts of the ears suffered varying
degrees of damage. The larger air passages in the lungs typically contained inspired
stomach contents as well as blood., The abdominal viscera were little affected.

Bering Seo

| atter .
D+l | seal
Gl [-Injured seal e
observed B

I=Chter 3 oftars %
, Favandonea D220STNY. D20 A O
'-__' -. otier pup copls DD .-“', > LE
P ; ) ) D+a Igeal Dl __ -

Kirilof Bay
- . \-\.__ ; ., ,

. , \ .
Beaches Searchad *,

-

{-spal I-otfer 2 iier a1rer T¥ Fottar _____-,"- f!-r P = T',
D2 |-ptter B+2 pu3 D+2 |-ller G- g Fiyured Latterfe A { £
D+2 D+2 Folter |‘DH‘G’2 I'Iorquu::d 33.1';; Be? \_ - .:_-‘:_
¥ 0*4 0+ D+4 O+ &1-Citrer L B /Y"/ . o
shelaton -‘,'E -
I-otter
0 | 2 I m 0+3 | seal i
Pacifie  Oceon o3
FIGURE 3. BEACHES SEARCHED POST-CANNIKIN AND LOCATIONS OF A
DEAD MARINE MAMMALS RECOVERED AND ANIMALS o

INJURED OR ABANDONED (PTPS)

Sea otters killed by vertical acceleration showed thoracic and abdominal effects
of travma, and one animal had broken ribs and fractures of the skull. Of the two sea
otters crushed by falling rocks, one had a crushed head, while the posterior part of the
body of the other had been cruahed, causing rupture of the abdominal viscera and
severe hemorrhage in the muscles of the rear legs.

~ In summary, 23 sea ofters were recovered or observed that could have been killed
by Cannikin, 10 of which were killed by pressure pulses, 2 by rockfalls, and 3 by
vertical acceleration. Four died of causes that may have been related to Capnikin but
this could not be determined with certainty, and 4 injured or abandoned animals prob-
ably died due to indirect causes related to Cannikin.

While i% is assumed that the otter casualties reported in the foregoing discussion
reprasent a fraction of the total number of ofters killed by Cannikin, it is not realistic
to guess what that fraction is. The assumption that not all dead and injured animals
were accounted for by the post-Cannikin searches is based mainly on the foliowing »
considerations: -
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{1} During the early post-Cannikin pericd,

|'_ ) ] wind direction and force were such that
most animals killed on the Bering Sea
side of the Island may have drifted away
from shore and hence could not have been
sighted or recovered, particularly under
the unfavorable weather conditions,

= ]
T ¥

1=

{2} It has been suggested by the UAz biologist

Linaml G Ponurmd U Bapcn Timnd in aiich o Pt - Commiun Saorchs

* s studying sea otter hehaviaor that at least
H some animals killed by pressure pulses
o l s while diving may not have resurfaced,
- H H ﬂ ﬂ because of changes in relative buoyancy
) H Ae s ! caused by the pressure effects. Such casu-
I I n:l.g aities of course would not have been found
L LY " .FE in the beach searches. Some support for
this hypothesis is given by the fact that cne
FIGURE 4. NUMBERS OF SEA OTTERS FOUND DEAD dead otter was recovered in a bottom trawl
OR IMJURED ON AMCHITKA BEACHES, at a depth of 30 fathoms in the Bering Sea
1370 -1871 on D+16; autopsy by the UAz biologist indi-
Sincludes one desd oties recovered in cated death was due ¥o pressure effects.
bottom trawl ~ 2, 5 km offshore in Bering -
Sea, and two abandoned pups, {3) The two animals crushed by fallen rocks

were found only because the carcasses were
partially exposed; others may have been completely buried and hence not seen.

i4] Comparison of pre- and post-Cannikin observations and counts of sea
otters along the coasts adjacent to Cannikin 8Z suggests 2 sizeable popula-
tion reduction in close-in aregs in the early postshot period.

Viewing conditions shortly before and after D-day were unfavorable for censusing
sea otters, bul some counts were made. Many variables confound the results of these
counts, and their usefulness as a basgis for quantitatively assessing the sea otter losses
due to Cannikin is clearly limited.

Post-Cannikin sea otter counts were made by the UAz biologist, assisted by
ADF &G biologists, from selected cliffside viewing points along a section of Bering Sea
coast extending from Cyril Cove to Sea Ctter Point, on D+13 to D+15. Becauae of
unfavorable weather conditions, nec late pre-Cannikin counts were made in the same
area by the same technique, so no strictly comparable pretest data are available for
comparison with the post-Cannikin counts. However, the UJAz investigator reports
that his observations made immediately post-Cannikin indicate that there wete cbviously
fewer animals along the Bering Sea coast, between Crown Reefer Point and Sea Otter
Point, than there were preevent. His observations along the Pacific coast indicated
no large localized population reductions', but losses did occur in the Pacific, since
16 of the 23 camualtiee listed in Table ! were found on the Pacific Ocean coast.

BCL and FWS cbservers made a series of pre~ and post-Cannikin sea otter counts
along the Bering Sea and Pacific Ocean coasts during helicopter overflights from
D-16 through D-3 {16 counts) and from D-day through D+15 (7 counts). Since viewing
conditions were generally unfavorable, the counts can be considered to reflect only
relative abundance, rather than anything like a complete census. The areas covered
in these counts were from Crown Reefer Point to Chitka Point on the Bering Sea coast,
and from Rifle Range Point to ~1. 6 km north of Mex Island on the Pacific {Figure 1}..
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The average numbers of sea otters counted during the post-Cannikin helicopter
surveys were about half as large as the numbers counted before Cannikin.* The obser-
‘vers believe that the counts show evidence of a real decline in sea otter population on

both coasts adjacent to Cannikin 3Z after the test. The size of the decline cannot be f;
reliably estimated, in terms of absolute numbers of animals, from these counts. X
Cn January 12, 1972, AEC-NVOO convened an Advisory Panel to review AEC ]

activities relating to sea otters and, on the basis of this review, to recommend to
AEC-NVQO the future scope of sea otter research activities at Amchitka Island. Mem-
hers of the Panel were: oy

Leo K. Bustad Charles M. Loveless

Director Assistant Director-Research
Badicbiclogy Laboratory Bureau of Sport Fisheries and Wildlife
University of California Washington, Ir. C.

Davis, California
Vincent Schultz

Douglas G. Chapman Frofessor of Zoology ol
Dean Washington State University

College of Fisheries Fullman, Washington ks
University of Washington s
Seattle, Washington Clayton 5. White -

' Director K
Karl W, Kenyon Lavelace Foundation
Wildlife Biologist Albuquerque, New Mexico A )
Bureau of Sport Fisheries and i

Wildlife '

Seattle, Washington

The investigators involved in the Cannikin-related sea otter studies presented ‘?4'
their data, and their judgments regarding the impact of Cannikin on the Amchitka sea -
otter population. Stressing the many factors that make precise assessment of the
impact irnpossible, the Panel concluded: "Based on data presented to ug, it is impos- ';j
sible to estimate reliably the number of sea otters killed by Cannikin. It is suggested 3

that the data collected next summer may reflect the general magnitude of the loss'.

While available data are inadequate for a precise guantitative assessment of sea
otter logses due to Cannikin, participants in the marine mammal studies agree that
these losses will have no long-term adverse affects on the Amchitka Island sea otter =
population. There was no clear evidence of habitat damage that would reduce carrying "
.capacity of the area, and the population is expected to return to normal levels through
natural reproduction,

The two other marine mammoals commonly cccurring in the nearshore habitat
around the Island are Steller's sea lions {Eumetopias jubata) and harbor seals {Phoca
vitulina). M@ dead sea lions were found after Cannikin, and there is no evidence that
the Island population of these animals was affected. Four dead harbor seals were
recovered after the test, two on the Pacific coast and two on the Bering Sea shore.
Autopsies showed that these four seals were killed by pressure puises in the water.

Iz

*Recent (May-lune, 1372) shore surveys along the Bering Sea coast off Cannikin SZ counted less than half as many otters as
were counted in the same sector in June, IFTI. :

=
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All had severely hemorrhagic lungs and both lungs had ruptured in one animal. All
showed some degree of damage to ears and eyes, and pressure had forced the eyes
inward encugh to bilaterally shatter the orbital bone.

The seal population of Amchitka has not been monitored closely, but its distribu-

tion appears to vary considerably from natural causes. There is no evidence that this
population was adversely affected by Cannikin, although a few animals were killed.

Cther Marine Biota

To investigate the effects of the Cannikin test in the marine waters adjacent to
Cannikin 8Z, FRI investigators planned to {1) extrapolate {rom the reports of the Long
Shot and Milrow tests and from literature sources, to predict both the lethal pressure
thresholds for impertant marine fishes and the seawater pressure regimes that might
be expected from the Cannikin shock wave, (2] design and conduct testtime experiments
to determine the effect of the detonation on representative fishes, {3) cbserve and record
any fish kills attributable to Cannikin, {4) determine the mechanisms of any damage
experienced by marine fiah from the test;, (5} compare pre- and postevent fish catches
in both nearshore and offshore waters, and (6) study the short- and long-term effects
- of intertidal displacement and subtidal bottom disruption. MNMFS investigators colliected
data on the pre- and postevent population densities and size distributions of sea @rchins
in selected areas in the Bering Sea and Pacific Ocean off Cannikin 5Z.

Studies and experiments for Cannikin were planned by FRI with consideration for.
baseline data collected prior to the test, experience gained from the Milrow test, and
predictions of possible Cannikin effects on the marine environment. Because of adverse
weather conditions immediately before the test, important experiments with captive
marine fish in live boxes could not be carried out; hence the evaluation of Cannikin
effects on the marine scosystem is limited. Observations of sea urchin populations
were successfully completed by NMFS investigators; preevent data were collected
September 2 to 5, 1971, and pcostevent counts were made on November 11 to 15, 1971,

Although high winds and accompanying heavy seas on D-1 made it impractical to
carry out the planned marine live box experiments and related water-pressure mea-
surements, one "string' of two live boxes was set in Constantine Harbor in water
13 m (10 fm) deep, approximately 7.5 hr before the detonation. Cne was located near
the bottom at 16 m {9 fm}, and the other at 2 m {1 fm). The lower box contained 6 rock
greenling {Hexagrammos lagocephalus), 4 Pacific cod {Gadus macrocephaius),

3 Pacific halibut (Hippoglossus stenclepia}, 2 red Irish lord (Hemilepidotus
Hemilepidotus), and one each of rock sole {Lepidopseita bilineata), great sculpin,
{Myoxocephaius polvacanthocephalus), and dusky rockfish {Sebaates ciliatus).. The
upper box contained 10 rock greenling and 6 Pacific cod. i

The boxes were reirieved at about H+3 and the fish were examined for evidence
of test-related*injury. Cunly one figsh, z Pacific cod 67 ¢m leng, from the upper box,
exhibited any abnormality. This fish had a '"bubble' in its right eye and appeared to
have some difficulty in maintaining equilibrium. The fact that nc such symptoms were
shown by any of the other fish suggests that this one may have been affected by handling,
probably during the setting or retrieval operations. No pressure-measurement gauges
were exposed with the Constantine Harbor live boxes, so no data are available regard-
ing the pressure changes to which the fish were exposed. The test does indicate that
fish of the species included in the live boxes, in shallow water at distances of ~15 km
or more from SZ were not adversely affected by Cannikin.



i&

Starting at approximately H+4, biologists were able to survey sections of Bering
Sea and Pacific Ocean beaches near Cannikin SZ, The survey was limited since the
daylight remaining after the search began was brief. A few rock greealing, some still
alive, were__foun& stranded in an uplifted intertidal area of the Bering Sea beach. In- i‘;ﬂ
tensive beach searches began on D+1 and continued through D+3; intermittent surveys 3]
 continued for approximately 2 weeks more.

The searches yielded 277 rock greenling, 7 Pacific sandfish (Trichodon trichodon), ,1

l longnose lancetfish {Alepisaurus ferox), | great sculpin, 8 Pacific cod skeletons, and
the skull of an unidentified rockfish, Sebastes sp. All except the cod and rockfish re- o
mains were recovered from the uplifted intertidal bench on the Bering Sea coast adjacent 1
to Cannikin 32, between Banjo Point and 5and Beach Cove® (see Figure 3],

273 Rock graenting B+
4 Roth greenling D +4
1 Gregl sculpin D+1
Sea Ofler Point 2 Sond lish O +1

5 Sond lish D+ 4 Crown Reafer Powwd
1 Long nose lanced Hsh O+9 .
, ) 1! Kirklgf Painl b
jo Fol Squors B

o
Cyri! Cove ’
i ’

S

Juxla Point E

| Sehastas skull I Pacitic cod skelton : g
0+3 zi
Rifle Range Point *, G

PACIFIC GCEAN T Potific cod shaletons ‘ .

. B+3 ¥ N

ul_:_-j—l! km 51, Makarius F'1:|im—)i
----- Beaches Searchad Post Cannikin 2
FIGURE 5. BEACHES SEARCHED POST-CANNIKIN AND LOCATIONS : N
OF DEAD, INJURED, AND STRANDED FISH AND

SKELETONS OF FISH RECOVERED FROM Mﬁ.RIN@ :
AREAS POST- C_A.NNIKW _ 39

The lancetfish, an offshore pelagic species, is often driven ashore by storms,
and its good physical condition suggests that this was what had happened to the specimen
recovered. The Pacific sandfish commonly burrows upright into sand of the intertidal
zone, but the ¥ish recovered were stranded in the Sand Beach Cove area as a resuit of
intertidal-bench uplifting. Several of the fish were found still alive, though high and dry
in the sand of the upper part of the beach,

* The uplifted bench reglon on the Bering Sea coast adjacent to Cannikin $Z if discussed in a later section of this report.
preliminary and incomplete survey informaeion indicates that the extent of vplift was on the order of 4,25 to 1.1 m (see
Appendix A).
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Cf the 277 rock greenling recovered, 23 were autopsied. About half of these ex-
hibited hemorrhaging or other damage in the brain cavity andfor in the viscera. The
others, exhibiting no evident injury, are assumed to have suffocated on being stranded
by the uplifting of the intertidal bench. Thus, it appears that the greenling were killed
either by stranding or by physical injury incurred from rapid vertical acceleration of
the bench. Rock greenling characteristically feed over the intertidal bench at high tide
{Simenstad, 1971},

The tide was at a slack high of about 1 m in Constantine Harbor at the time af the
Cannikin detonation, so it is likely that 2 large number of greenlings were over the
bench when it was uplifted. It is estimated, based on prior sampling, that several
thousand greenlings may have been over the affected bench at testtime; thus, the 277
specimens recovered represent an unknown f{raction of the total rock greeniling mortality
in this area, Some localized reduction in rock greenling abundance is also supgested by
the trammel-net catch data discussed later in this section.

Eight Pacific cod skeletons and ! rockfish skull (all freshiy cleaned by amphipods)
were found on Pacific Ocean beaches on D+2 and 3. As freshly cleaned fish skeletons
on the beaches of Amchitka are uncommon (especially in such numbers), it is likely that
these fish were killed by Cannikin, Of the 8 Pacific cod skeletons, 7 were lound along
the east shore of 5t. Makarius Bay about 14 km from Cannikin GZ. This is approxi-
mately the same distance from SZ as the {ish (including Pacific cod) held in the live box
in Constantine Harbor, which were unaffected by the event. It may be assumed that the
ftsh were probably nearer 52 at testtime, and drifted to the recovery location under the
influence of the northwesterly winds that prevailed at testtime and for several hours
afterward (Appendix B},

The first post-Cannikin helicopter overflight began about H+2 and lasted for
! hour. During this flight, weather and sea conditions were poor for observations but
numerocus gulls and sea otters were observed within about 5 km of SZ, All groups of
gulls observed within this area were investigated from a distance of ahout 30 m because
it had been hypothesized by FRI biclogists and others that concentrations of feeding gulls
might indicate the location of fish kilied by the test. No dead or injured fishes were ob-
served floating on the nearshore sea surface during the post-Cannikin beach and heli- |
copler surveys,

Direct evidence of mortalities in the nearshore region is limited to those {ish
recovered from the beaches. The number of fish recovered probably represent only a
fraction of the fish killed because (1} dead or injured fish could have drifted away from
the search areas undet the influence of winds and currents, {2) fish could have heen
buried in kelp, cliff falls, and mud slides, (3) they couid have been picked up by
predators or scavengers, and {4} some may have been missed by the survey parties.
it is noteworthy that the only fishes found in shore searches on the Bering Sea side
were on the uplifted section of the beach between Banlo Point and Sand Beach Cove.
Others were probably affected in the Bering Sea waters {on the basis of predicted
magnitude and areal extent of the pressure pulses), but drifted away from the Island
under the influence of offshore wind and were not recovered.

Because trammel nets are highly efficient in shallow waters and produce minimal
injury to the fish caught, they were selected as the gear type for sampling nearshore
fish populations adjacent to Cannikin SZ to determine abundance of fishes. WNear-
shore sampling was concentrated along the Bering Sea coast because this area is
closer to Cannikin SZ than the corresponding North Pacific coast and was, therefore,
expected to experience greater underwafer pressure pulses,
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Preevent sampling included two trammel net sets, and postevent sampling, seven
sets. The locations and catch data for these sets are given in Figure 6 and Table 2,
respectively.
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FIGURE 6. TRAMMEL NET SETS IN THE VICINITY OF CANNIKIN SZ

Broken lines near shore indicate approximate intertidal
bench areas. The 1,000-m UTM grid is shown on land.

The two distinct inshore fish communities found in the nearshore Bering Sea
watere off Cannikin SZ afe asscciated with rock-algae and sand-gravel habitats
{(Isakson, et al., [971). One preevent set was made in each of these communities; of
the postevent sets, four were in the rock-algae and three in the sand-gravel areas.

Only one species, the rock greeniing, was caught in gsufficient numbers to pro-
"vide a meaningful comparison between preevent and postevent catches. The data for
this species show a considerable reduction in catch per unit of effort (fish/hour) in the
first postevent samplings made on D+5. Catches in the sand-gravel area remained very
low throughout the 10-day post-Cannikin sampling period, but by D+15 the catch per unit
of effort in tEe rock~algae habitat had returned nearly to pretest levels {Figure 7).

FRI planned to itilize three methods to detect and evaluate the effects of Cannikin
in the offshore waters: live-box experiments, visual cbservations from the M/V Com-
mander, and comparison of pre- and postevent catches made with standard fishing gear.
As noted earlier, the live-box experiments planned for offshore locations were aban-
doned because of adverse sea conditions.
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Direct observations for any floating dead

e e fish were planned for the early posttest period,
- 3 Rockraigoe Habitar as socon ag the vessel was permitted to move
22 SonasGrovel Hatitat into the area off Cannikin SZ. It was anticipated
that in the event of a large fish kill, some
stunned or dead fish wouid float to the surface
_T where they could be located and collected. How-

ever, weather and sea conditions at, and just
after, testtime reduced the probability of seeing
fish on the surface. A heavy, wind-driven chop
superimposed on -9 m seas churned the sea
surface into a white froth, and observers aboard
the M/V Commander saw no dead or injured
fish, birds, or marine mammals as they passed
Cannikin 82, 6 to 3 km offshore, at H+2 hours,

Catehsumt Effort{Creenling/he)

Sampling of offshore fish populations from
the M/V Commander hegan on August 27 and
Dane continued through November 21. Forty-four
bottom trawl hauls, 40 midwater trawl hauls,
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“FIGURE 7. NUMBER OF ROCK GREENLING CAUGHT and 14 salmon longline sets were made. Catches

PER HOUR, IN MEARSHORE BERING SEA
WATERS ADJACENT TO CANNIKIN SZ,
PRE- AND POSTEVENT

for the midwater trawis are not presentéd in
this report because the catches have yet to be
counted and identified. Hence, the only basis
Catches from two fish communities are available at this time for evaluating the effects
presented. of Cannikin on the offshore fish populations is

: the comparison of pre- and postevent catches
by bottom trawls and salmon longline sets,

Twenty-seven bottomn trawl hauls were selected for comparison, based on proxim-
ity to 52 and sirnilarity of location and depth {Figure 8). All were in the Bering Sea, at
distances ranging from 3 to !l km from Cannikin SZ. Table 3 gives the catch data for
these 27 trawl hauls. A one-way analysis of variance was done on the catch data of each
species, or group of species, using the time periods (preevent and postevent) as treat-
ments. Table.4 presents the results of these analyses for the trawl hauls, These anal-
yses show a statistically significant decline in catches of rock sole after the Cannikin
event, The results for other bottom fishes show no significant changes in catches, but
the catches were so small that comparison is hardly meaningful.

it is believed that the catch data for rock sole provide the most reliabie informa-
tien available for assessing effects of Cannikin in the adjacent Bering Sea offshore
marine environment. There waa a marked decline in the catches of this specids foliow-
ing Cannikin. This decline could have resuited from a normal offshore movement, but
no reference to such offshore mdvement of rock scle during October has been found in
the literature,rin FRI catch data from previous years, or in data collected by the Inter-
national Pacific Halibut Commisaion. It is concluded that the decline in catches of rock
sole is probably an effect of Cannikin, i.e., evidence of a large mortality {the investi-
gators believe a reasonable estimate would be thousands of fish). '

Fishes other than rock scle may have suffered someé mortality, but because of the
small catches and large variance among samples, no significant changes in abundance
were detected. However, some additional direct and indirect evidence of fish kill
attributable te Cannikin is available: On D+3 one dead dusky rockiish (Sebastes ciliatus)
was taken in a bottom trawl (Haul 33) in the Bering Sea about &6 km from Cannikin SZ.
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Also it is to be noted that before Cannikin, large schools of fish were detected {with ,1

the M/V Commander echo sounder]) "hovering” around rock Pinnacles. This behavior o
is characteriatic of the rockiishes. These schools were not detected after Cannikin.

TABLE 2, TRAMMEL NET SETS AND CATCHES IN BERING

SEA NEARSHORE WATERS, IN VICINITY OF SZ, sy

PRE- AND POST-CANNIKIN, 1971 4

Catch *]

. T
= - — :;
2 2 =2 E'—E 2 "j
o - - 3= = g |
£ _-EE A = < E 5 =
=2 = ; = 9 = = P
U 2 1} = Z - = & ~.
5 g £ p 2 23 Og 32
Habirat Pepth, = g 3 B ] gz = ER- 4
qeld) - o} o ‘-' = 2} & = [=3=] - R
Type Date £ o= = < o = t b J
Pre-Cannikin
-G 21 Dex 11 18 18 2.1 3.4a0 G, 10 _
R-2 21 Oey : 24 4 2: 15 1. 57 10, &7 -
Post-Cannikin ‘
B-4 11 Nov 11 11 ' 131 3:20 3.30 3.30 :
5-G 11 Nov a 1} 320 0,30 Q.00
R-A 15 Moy T 20 1 ) 500 4_20 440
-G 13 Nov 15 1 + 5 8:20 3,94 . 15
R-A 21 Moy i3 16 15 2:15 T.11 T.11
R-A 21 Mov 9 13 13 2: 10 5.3 331
5~ 21 Mov 10 1 1 2 2:00 1.0 0. 50

{3} R-A = Inshore Rock-Algae Habitar,
3~G = Inshore Sand -CGravel Habitar,

Comnparison of salmon longline data showed no significant change in salmon sin
catches (Table 4), Five preevent and three postevent sets were chosen for this com- 1
parison on the basis of proximity to Cannikin SZ and to each other. The comparison =
indicates that salmon populations in the vicinity of Amchitka were not effected by the
Cannikin event.

The intertidal study areas [A-2Z, IA-3, and the intertidal region off Banjo Point
{Figure 6} were inspecied during the pericd Decernber 1-8, 1971. Preevent gampling
was conducted at the IA-2 and LA-3 areas in September and these beaches were walked
by various investigators during the late pre-Cannikin pericd. It is by comparing the
post-Cannikin status of the beach areas with the condition of the same areas as ohserved
pre-Cannikin that the intertidal disturbances observed can be attributed to Cannikin.
Of 45 plots established in the IA-2 and IA-3 areas, 7 were compietely buried by cliif
falls and 3 others were partiaily buried. The remaining plots were sampled for algae
and 19 were sampled for invertebrates during a survey in December, 1971, The
detailed plot data will be presented in 2 later report. This report is limited to visual
observations.

-
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TABLE 3, BOTTOM TRAWL SETS AND CATCHES IN THE BERING
SEA OFF AMCHITKA, PRE- AN]; POST-CANNIKIN
{See Figure 8 for locations)
et 1 2 7 2 3 1 11 13 14 15 0 21 22 28
Bate - 3-13  »-13 3-16 B-14 2-18  BF-E7  9-17 W4 104 W4 10-11 10-11 =11 11-7
Depth, im KKE 40 32 27 28 33 43 40 il 40 i 50 16 24
Duration, hr 0.4 .8 a7 1.0 1.2 a7 g .3 L 6.5 .6 0.4 ra n.3
Jpecies
Pacific ocean perch 1
Pacific cod Z & 4 21 3
Pacific halibw 2 24 14 51 ¢ ) 1m oz 4 5 22 2
Rock sole TS 162 71 143 33 4% 268 27 103 a7 151 58 Eal
Arrowtceth flounder 4 2 1 !
Rex sole i -
Paachers 3 | 2 z & 16 2 3
Sturgean poacher 5 &
Sculpins i 1 2 & 2 1 1 15 1
Northern staghorm ¥
Great swulpin 1
Searchars 1
Snailfish 1
Set 29 1 32 33 B2 15 36 37 33 A9 42 43 44
Drate 11-7 11-7 11-7 11-% 11-9 11-9 11-%¢ 11-11 11-11  11-1%1 11-21 1i-21 11-21
Depih, fm 25 40 30 22 25 KL 35 7 33 40 24 30 35
Duration, hr 0.9 0.7 0.8 9.7 3.8 4.7 0,6 0.3 0.3 0,3 1.0 1.4 0.4
Species
Pacific pcean perch 1
Dusky rockfish 1 {dead whencaughr)
Packific cod 3 8 1 1 I
Pacific bhalibut. 4 42 48 11 5 17 10 1 b 4 63 27
fgock sole 45 iz [ z T35 12 T 1 20 1
Arowtooth flounder 1 : 1 2
Fex sote 2
Paachers 7 1 1 2
Sturgeon poacher :
Sculping 1 -8 23 3 2 29 1 1 1 2
Horthern staghacn - '
Great scalpin 7
Searchers 4
Snailfisk

Lithodid crabs
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TABLE 4, STATISTICAL COMPARISONS QF PRE- AND POSTEVENT BOTTOM-
TRAWL AND SALMON LONGLINE CATCHES

The trawl catches are given as number of fish caught per hour of
fishing effort and the salmon catch as actual numbers caught since
there is little difference in longline set duration.

- Preevent Postevent
Species or Group Mean * 5td, Dev, (3} Mean 2 Std, Dev, d.{. (b Fic)
Rock soie 154,46 + 79,92 21,57 £ 29,78 L, 25 33,75, p<,01
Pacific halibut 16,77 £ 16,18 33.64 £ 45, 35 1, 25 1.61, N,S.
Pacific cod 3.77 % 6,57 : 5.21 %+ 12,61 1, 25 .14, NS,
Sculpins 4 77+ 7,12 7.93 £ 14,37 l, 25 0.5, N.S,
Poachers 6.31 + 8,08 1,64+ 3,10 L, 25 4,04, N.S
Salmon 10,20 + 7,63 3.00 % 2,65 1, 6  2.36, N.S,
{2} Std, Dev, = 3Sramdard deviarion or deviation of the abservations,
{by d.f. = Degrees of freedom (in this case, ane less than the nember of observarions made),
{cy} F = Test for significance. p<.0l = there is less than 1 percent chance of being wrong; M. 5. = noc signilicant,

Early post-Cannikin visual ocbservations by FRI biologists suggest that the inter-
tidal bench on the Bering Sea shore was noticeably upliited along a section of coastline
some 2 km long, extending from just southeast of Banjo Pgint to Sand Beach Cove.”
Preliminary survey data {Appendix A, Table A-5 and Figure A-5] indicate that the
maximum uplift of about 1. 1 m occurred off the point immediately east of Sand Beach
Cove, with a secondary maximum of about 0. % m near the mouth of White Alice Creek.
The uplift diminished gradually from the White Alice Creek effluence toward Banjo
Point, where an upward displacement of about 0, 25 m was recorded by the survey.

Some species of algae are dying in the uplifted intertidal section. On the shore-
ward portions of the benches, the populations of Fucus distichus, Clathromorphum
circumscriptum, and C. loculosum are dead or dying. Corallina spp. throughout the
area are exhibiting some die~off. The species most severely affected throughout the
uplifted area are Iridaea cornucopiae and Halesaccion glandiforme. For the kelp, a
mixed picture results from the complicated physiography of the benches. On the inner
channels that were previously washed by wave action but are now dry, Hedophyllum
sessile and Lamninaria longipes are dying off. This is less apparent on the seaward
faces of the benches, These effects are primarily evident at [A-2; IA-3 appeared to
have little die-off. '

Studies of the Milrow-uplifted IA-1 area in Duck Cove (Figure |} which was lifted
about 13 cm, have shown that algal communities were radically altered and the process
continues {Burgner et al. 1971). Despite the fact that the uplifting at IA-2 and IA-3 is
considerably greater, a pattern of die-off and change in the intertidal algal commumty
similar to that observed at the TA-1 area is expected,

The uplifting at IA-2 has also affected invertebrate communities. Certain species
are dying off relatively rapidly, whereas others have either moved down out of those
areas no longer suitable for habitation or are remaining but are not yet severely
affected. Those showing early die-off are the sessile species found in the Hedophyllum

_and Laminaria zones such as the solitary tunicates, Styela spp., and a particularly
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widespread green encrusting sponge. The major sessile species of the upper intertidal
zone, Mytilus edulis (bay mussel) and Balanus glandula (the acorn barnacle}, have not
shown extensive die-off. Ewidence of movement of an upper intertidal species into
areas formerly not occupied by that species was shown by Littorina aleutica {a peri-
winkle). Eleven individuals of this species were recorded in a 0.25-m% plot formerly
in the Laminaria zone, which is not normally occupied by this species. There is also
evidence of increased predation on invertebrates by gulls and oystercatchers. This is
particularly noticeable with the limpets, Acmaea spp. Uplifting has resulted in limpets
being exposed for longer times at low tide. Oystercatchers feed on limpets, and are
now afforded a greater opportunity to search out and consurne their prey. Increased
oystercatcher predation was indicated by the large number of limpet shells overturned
and empty on the bench, and by the sighting of large flocks of oystercatchers and gulls
near [A-2 after Cannikin. No invertebrates at [A-3 were visibly affected by uplifting
at the time of the initial postshot survey.

The reduction in populations of intertidal macroinvertebrates, due to uplifting of
portions of the intertidal bench, is likely to have an indirect effect on nearshore fish
populations, particularly on rock greenling, which feed on the benches at high tide.
Such reduction in the feeding habitat of nearshore fish species will be limited to some
area in the vicinity of Cannikin 5Z2. The size of the area that may be affected has not
been determined, hut it will be relatively srmall compared to the total area of intertidal
bench habitat around Amchitka. =

NMFS diver/biologists conducted pre- and post-Cannikin sampling in the shallow
waters off Amchitka to detect effects of Cannikin on the biota and habitat in this zone.
Sampling was carried out at four sites (Figure 9}, of which two (Sites 2 and 3] are adja-
cent to SZ, and two {Sites ! and 4} are beyond the predicted influence of Cannikin and
serve as conirols, The guantitative sampling was focused on determining densities and
size compositions of the green sea urchin {Strongylocentrotus polyacanthus} populations
at each site. The pre-Cannikin sampling was done September 2 to 5, 1971, while the
post-Cannikin sampling was done November 1! to 16, 1971 {D+5 to D+10). Qualitative
observations included a cursory visual inspection of the subtidai bottom environment
at the sea urchin sampling sites and at two supplemental sites (Figure %) in the Bering
Sea off Cannikin S8Z, The object of these observations was to note any massive changes
in the bottom topography, or any evidence of adverse effects on the hiota.

CObservations at the four established sampling sites indicated few effects of

" Cannikin in the benthic environment. Pre- and posttest data on urchin population den-
sities are presented in Table 5. No reductions in the densities or changes in the size
compositions of the urchin populations could be attributed to the test. The apparent
drop of 33 percent in the density of urchins at Site 4 is probably related scolely to urchin
behavior and the morphology of the substrate at thia site. Much of the bottom is a
sand-silt mixtare intc which the urchins often burrow, especially during periéds of
heavy wave surge. The rough seas before, during, and following the test probably
caused more urchins than usuzl toc be buried in the substrate and thus not observable
by the diversxduring the posftest sampling. Qualitative inspections at the sea urchin
sampling sites disclosed no dead or injured organisms; the only damage seen was at
Site 2 where small pieces of live coralline algae had broken from the edges of large
patches of this algae.

Observations at two supplemental sites in the Bering Sea near SZ disclosed some
slight-to-moderate substrate disruption and associated biological damage. The most
extensive damage was found in the arez about .8 kin from SZ, which was apparently




25

near an active fault line, Mumerous large blocks of rock were broken from the bedrock
cutcrop and had been tumbled. The new positions of these rocks were evidenced by the
freshly fractured surfaces exposed and the presence of yet-living algae (Laminaria sp.
and others) on the underside of some of the largest fragments -

Baring Seq

Pacific Ocean
Sile 2

Cannikin
5z

-2

% 10

Kilomatars N

FIGURE 9. SEA URCHIN SAMFPLING SITES AT AMCHITKA

TABLE 5. SEA URCHINS (STRONGYLOCENTROTUS
POLYACANTHUS} IN SAMPLING PLOTS
BEFORE AND AFTER CANNIKIN

Location Time Averagela) Range(P
Site 1 — Bat Island Pretest © 71,0 45-103
- Posttest 79.6 34-122-
Site Z — Bering '"C" Pretest . 25.8 4-47
_ Posttest 30.4 13-67
Site 3 = Pacific "C" Fretest 81.7 - 27-146
Posttest 78,7 41-123
Site 4 - St. Makarius Bay Pretest 45,7 24-T3
Posttest 30.8 3-80

Fs

{a) Average number of urchins collected in twenty 0. 25~meter-square plot,
{b} Range in number of urchins per plot.
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At the site 2.6 km from 832 several large "flakes" had hroken from the vertical
face of a low bedrock escarpment. Here, also, encrusting organisms were displaced to
more shaded and confined positions on the undersides of the rock fragments. The alpae
and other encrusting organisms so displaced could be expected to die because of insuffi-
rient light or water circulation. '

These post-Cannikin underwater cbservations were extremely limited, and the
divers were able to inspect carefully only two very small areas, in addition to the pre-
selected sampling sites. Subsequent field trips will include more-extensive underwater
surveys to determine if there are other areas of substrate disyuption, and to assess
possible biological effects.

Physical Changes

Rockfalls and turf slides, especially on the Bering Sea coast from just east of
Banjo Point to just west of Petrel Point, smothered some marine organisms in local-
ized areas of the upper intertidal zone, but there is no indication that this will seriocusly
affect the marine ecosystem. There were also some changes in elevation of coastal
areas on the Bering Sea side (Figure 10} that will produce changes in the intertidal com-
‘munities. [The area involved is described in Appendixes A and C.) The biological con-
sequences of this phenomenon will be monitored and described in future reports. _

Underwater substrate disruption was noted during very limited surveys by MMFS
biologist/divers at two sites in the Bering Sea near SZ, Areas of such disruption are
probkably more extensive, especially in areas of offshore extensions of active faults. The
biclogical effects of these substrate breaks may be locally severe, but are probably of
only short-term and very localized significance. Future underwater surveys will be
designed to measure the extent of such bottom damage and to monitor recovery of dis-
turbed areas.

Turbidity may have adversely affected marine bicta in localized areas of nearshore
hahitat (Figure 11). The turbidity was evident soon after the detonation — mostly along
the Bering Sea coast in areas of extensive cliff spalling and turf falls. Most of the
turbidity resuited from dispersion of fine soil and rock particles {derived from the ero-
sion of soil and rock thrown.onto the beach and into the intertidal zone by ground shock!.
Some marine organisms may have been smothered as the particles settled to the botiom,
but any such effect on benthic populations is likely to be transient. For several days
after Cannikin high turbidity was evident, in some places even extending ocut into the
kelp beds normally frequented by feeding and resting sea otters. The effect of such
turbidity on sea otter feeding behavicr and distribution is not lmown. Temporary pericds
of high turbidity are to be expected in the nearshore waters along the Bering coast for
" several months whenever heavy rains or unusually high seazs erode and disperage particles
from the material thrown from the cliffs by Cannikin.

For several hours post-Cannikin a plume of muddy water was visible in the Pacific
Ocean off the mouth of Falls Creek, which drains the Drill Site D area. This resulted
from a detonation-induced breach of the dike arcund a drilling-mud pond, from which an
estimated 30, 000 bbl {4800 m3) of mud and water escaped before the breach was closed.
The mud flowed down the stream from the site, and some of it was discharged into the
Pacific Ocean on the extensive intertidal bench at the mouth of the stream [(Figure 12}.
The effects, if any, of this material on the marine ecosystem in that area have not yet
been determined, '
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a. Holding Ponds at Site D on D+1, After Repair of Dike

b, Pacific Ocean at Mouth of Falls Cresk, on D+1

*
-~

FIGURE 12, DRILLING MUD HOLDING PONDS AND RESULTS OF SPILL IN

NEARSHORE PACIFIC QCEAN WATERS AT MOUTH COF FALLS
CREEK, WHICH DRAINS THE SITE D AREA

The Falls Creek effluence is ~7 km, azimuth 293°, [rom
Cannikin 52, {BCL photograph numbers 2B-98 and 2B-108,)
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Freshwater Ecosystems

The irgshwater ecosystems of Amchitka were studied by investigators from BCL

and Utah State University {USU). Physical changes were documented with aerial photog-
raphy by BCL,

Limnology

The objectives of the testtime limnology studies conducted by BCL were to detect -
short-term efiects of Cannikin, including the detection of changes in abundance among
phyto- and zooplankton genera, and to monitor any gross chemical or physical changes
occurring in the lakes as a result of Cannikin. The data were evaluated in the perspec-
tive of normal seasonal trends in these parameters.

Data were collected beiween September 6 and 21, and between Cctober 13 and
November 17, 197]. Twenty-seven lakes were studied to detect possible changes pro-
duced by Cannikin (Figure 13). These lakes were selected on the basis of [1) morphology
and relative permanence, (2} location with respect to Cannikin SZ, (3} accessibility,

{4) existence of prior sampling data, and {5) relationship to the freshwater fisheries
investigations. =

T3-0 1T8-13

BERING  SEA

Connikin SE

Teal C.ri-lt

Grophie Scaie .
PACIFIE DcEaw =S

\ LA ] ‘il:ll Frant

FIGURE 13, CANNIKIN INTENSIVE-STUDY LAKES, LIMNOLOGICAL STUDIES

Five criteria were selected as indicators of immmediate test-related disturbance of
the study lakes: (1} partial or complete drainage of a lake due te fracture of the bottom

seal or to a breach of the peat retaining dam, (2} increase in alkalinity due to the rupture. .

of the peat mat with resulting exposure of surface drainage water to alkaline subsurface
mineral soil or bedrock, (3] decrease in primary preductivity as detected by a reduction
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of pH, {4} reduction in plankton sopulations due to direct or indirect effects of the
ground shockwave, and (3) increase in suspended-silt load due to disturbance of sedi-
ments. These types of changes were anticipated to be subtle changes in short-term
evaluation. These potential effects were generally masked by the severe storm which
struck Amchitka on D-1. '

Analyses of samples from the intensive-study lakes during preevent sampling pro-
duced water -chemistry values generally similar to those obtained during the previous
autumn. Values of pH in most of the lakes were either decreasing or remaining relatively
stable during the preevent sampiing pericd. This was, no doubt, a reflection of decreas-
ing primary production in the lakes with the advancing season and also dilution of lake
water with slightly acidic rainwater during pericds of increased precipitaticn. Preevent
alkalinity values in most of the lakes were essentially unchanged from those measured
in autumn, 1970, About 22 percent were slightly decreased and another 9 percent were
slightly increased. In about half the lakes alkalinities were increasing during October
and November, 1971, while none of the intensive-study lakes were decreasing in
alkalinity. :

Changes in pH post-Cannikin ranged from -0. 55 to +0. 54 pH units. The largest
positive changes occurred in Lakes 30, 31b, and 58b, The greatest negative changes
were observed in Lakes 9, 42e, DH and 49. There was no apparent relationship between
the changes in pH and the distance of the lakes from SZ. =

The only increases in alkalinity noted in the intensive-study lakes post-Cannikin
were in two lakes within 1.4 tum of SZ. Alkalinity in Lake DH increased from 3.0 mg/|
{CaCO3 equivalent} pretest to 6.0 mg/1 posttest; the corresponding change in Lake DO
wasg from 0.5 mg/l pretest to 1.1 mg/! posttest. Lake DH was almost completely
drained as 2 result of Cannikin, and the sample analyzed was obfained from a small pool
of water remaining in the lake bottom. Shaoreline banks slumped into Lake DO at test-
time. Alkalinity decreased in Lakes 26, 31b, 33a, DN, 44b, DP, 50c, and 58b. These
decreases ranged from 0.5 mg/l in Lake 38b to 8. 7 mg/1 in Lake 50c. Most of these
lakes have a natural high variance in alkalinity. The decreases.in alkalinity cbserved
were probably caused by the effects of the storm on D-1, and not by Cannikin.

Organic matter in Amechitka lakes is derived from several sources. Principal
allochthonous inputs include organic matter flowing into the lakes in incoming streams,
materials eroded from the shoreline by wave action, and excretory products of water-
fowl., Slight contributions, no doubt, result from windblown matter entering the lakes.
Autochthonous organic matter is contributed by primary production of plants and bacteria,
decomposition processes, resuspensicn of organics from surface sediments, and excre-
tion of organic matter by aguatic biota. Human occupancy and man-made disturbances
would be expected to increase the concentration of organic matter . in some lakes in
focalized areas, ’

Of the 26 lakes sampled for organic matter during mid-October, 14 were resampled
during mid-November following Cannikin. For the 14 lakes treated as a single group,
the mean value for dissolved organic matfer was 32 percent higher than in the lakes post-
test, as compared to the mid-October samples. A t-test showed this difference to be
significant at the 95 percent confidence level. Pre- and postevent means for total and
particulate organic matter were not significantly different by this test. :

The significant increase in dissolved organic matter was probably not related to -
Cannikin, but was due primarily to the decomposition of plankton organisms with
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decreasing water temperatures. The variance in the amount of particulate organic
matter indicates a considerable difference in standing crops of plankton in these lakes
in mid-Gctober., This was confirmed by microscopic examination of plankton samples.
As water temperatures decreased in November, the more-abundant plankton populations

decreased; resulting in a considerable decrease in the variance of the particulate organic

matter concentrations in the mid-November samples.

While the preceding analysis indicates no widespread effects of Cannikin on organic-

matter concentrations in Amchitka lakes, a localized test-related effect on lakes near S7
can be shown by treating the data in a different manner. On the basis of distance from
SZ, the 14 lakes may be partitioned inte two groups: Seven ''close-in’ lakes {44a, DK,
DG, DI, DP, 41b, and 49) are within 2.2 km from SZ; the other 7 {30, 52a, 53, 26, 9,

10, and 58b} are at distances of 6.2 to 9.8 km from S$Z, and may be considered as
"controls™.

The mean particulate organic matter in the close-in lakes increaszed from 3.4 mg/l
preevent to 9.9 rmg/! postevent. I[n contrast, particulates in the control lakes decreased
from 14,0 mg/l preevent to 6.5 mg/] postevent. The increase in particulate organic
matier in the postevent samples from the close-in lakes no doubt resuited from increas-
ing amounts of particulates entering the lakes from their watersheds, {rom bank slump-

. ing, and from resuspension of bottom sediments by ground maotion.

There is no reason to believe that the considerable decrease in particulate organic
matter in the control lakes was test-related. Two of the lakes in this group that showed

substantial reduction in particulate organic matter had high zoopiankton and phytoplankton

populations during the October sampling period. It is probable that the normal seasonal
decline in these populations was responsible for the reduction in particulates in the con-
trol lakes between the pre- and postevent sampling periods. This assumption is sup-
ported by the fact that in the control group of lakes, dissolved organic matter increased
53 percent from 3.2 mg/ml to 4. 9 mg/ml between the two sampling periods. Dissolved
organic matter in the close-in lakes increased only slightly — from 3. | mg/] preevent to
3.5 mg/l postevent {an increase of 13 percent).

Any event-related changes that may have occurred in phytéplankton pepulations or
in water clarity would have been obscured by the eifects of the severe storm on D-1.
Hence no effects of Cannikin on these parameters were measured,

Fish

_ Effects of Cannikin on natural fish populations, on penned individuals, and on
salmon eggs artificially empilaced in stream gravel, were monitored in the freshwater
- streams and lakes.

The distribution and approximate numbers of fish were documented in 1Z lakes and
4 streams within 2 km of SZ before and after Cannikin (Figure 14). This area was
aelected as the’anti-::ipated zone of major eifects (on the basis of the Milrow experience
and shock predictions supplied by Sandial.

Dolly Varden {Salvelinus maima) were present in 5 of the lakes and in all
4 streams; threespine stickleback {Gasterosteus aculeatus] occurred in 10 of the lakes
but in none of the streams. Pink salmon [Oncorhynchus gorbuscha) were not found within
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2 km of 52 during pretest studies, although they spawned in one stream (Station BR) LA

during late August, 1370, During 1971, spawning salmon were cbserved no nearer to
Cannikin 8Z than Fumarole Cove stream, about 17 km from SZ.

Testtime experiments during Cannikin involved Dolly Varden, threespine stickle-
back, and live, eyed pink saimon eggs. They were held in pens in lakes and streams :
varying in distance and direction from SZ to evaluate effects of ground motion and pres- ..
sure pulses on.individual organisms at known water depths and over known bottom types.
Many of these live pens were accompanied by pressure gages and accelerometers
intended to measure physical forces generated by the detonation [see Appendix A),

The exact locations of the live pens, a description of each type, and the species and
numbers of fish held are presented in Table b. Each type of pen was field tested with
appropriate species and numbers of fish before Cannikin to determine how long they
could be held without harm. Live fish could be held in a healthy state in all peas for a
minimum of 7 days, and up to 14 days except during very adverse weather conditions. -
Fish used in all experiments were captured from lakes and streams on Amchitka.

v

TABLE 6. LOCATIONS AND DESCRIPTICNS OF LIVE PENS IN LAKES
AND STREAMS : '

i

LS

Stickleback (A Penyal Dolly Yarden Saimon Fgg Holders
Bottam Set Fledting Set B Penfd) C Penla) B and E Penld)  Distance
Type Type Type Type Type From 35, )
Seatiend® Mo, Bottom MNo. Bottam Na. Bottom No, Botiom w0, Bartom matarsg :
AH-~itream 0 -- 0 -- 0 -- 0 -- 282 Gravel 1,70
Br-laks 1 Hard 1 Soft mud a -- 1 Soft owd ) - 810320
rock-mud
BE-lake ! Hard sard 1 Hardzand 2 Hard sand n - 0 -~ T -7 40
B -strzam a -- o ~- 4 .- 0 - 222 Gravel 1,504
BR-stream 1} -- i} .- 0 -- 0 -- 282  Gravel 2 T3
DE-stream J -~ o - i} .- b .- 252 Gravel 1,300 o
DF-lake 1 Hadmud 1 Hard omd ¢ - 0 .- 0 -- 1,900 -
Die-lake ] -- 0 -~ [t -- 1} - ] -- 1,130
DH-lake Q -~ ¥ - ¥} Soft mud | -- o - s -
DI -lake 1 Hardmud 1 Soft mud a -- 0 -- b -- - 1,600 . g
DE-lake 1 Hard 1 Soft mud 1 Hard I Soft mud b -- 1,210-1, 250
rock-mud B rock-mud ’
Di-lake - -- 0 - 0 .- 1] - il -- : 1,352
Duxl-lake = 9 -- 0 -- ! - ) - 0 -- 1,520
Dx-lake 1 Hard 1 Haed 1 Hasd vl -- 0 -- 1.302
wek-mud rock-mud rock-mud .
Did-lake b .- 1 Soft mud P Soft med q -- 0 -- 1,49%-1 450
D7 -lake i Hard 1 Hand 1 Hard [H -- H] -- 2,090-2, 070
rock-mud rock-miud . mck-mud
ia) Tvpe Pemns +, Dimensions ¢material) Contznts
' A TR xWem{Ix 12 x 12 in.) - 1F168-in. mesh {galvanized wize) 25 fish
B 60 5 20 x 90 em (2 x 3% 3ft) - 1/2-in. mesh (hardware clothy &-3 figh
C B0} 120 x 180 cm (3 x 4 x G {1} - L-in. mesk (Cortor nercing) 310 fish
B o x 3%« 30 cm {4 % 12 x 12 in.) - 1/18-in. mesh {plastic screen) 500 eggs
E 30-cm x M-cm-dlametes cylinder {clear plastie) 330 eggs

{b¥ Refer to Figure 14 for exact lecations of stations. : 7
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In addition to the penned fish described above, approximately &, 000 live eyed pink
salmon eggs were held in containers in the four streams nearest Cannikin SZ {Table 6.
An additional 2, 000 live eggs were retained at the base camp, about !5 km from 8Z, to
serve as experimental controls, The eggs, provided by the NMFS Biological Laboratory,
Auvke Bay, Alaska, were from a natural population of pink salmon from Sashin Creek,
near the southern tip of Baranof Island, southeastern Alaska. These eyed eggs had been
fertilized about 60 days prior to their shipment and were in 2 life-history stage relatively
immune fe shock and other environmental stresses. Eggs from Amchitks stocks of
salmonids were not used for testiime experiments because pink salmon spawners on
Arnchitka were too few and scattered to provide adeguate numbers of eggs, and the
spawning peried of Dolly Varden on the {sland occurred later in the fzll than the Cannikin
test date.

All of the pink salmon eggs used were thoroughly mixed to help insure that al? lots
{control and experimental] were comparable. Two types of containers were used:
plastic cylinders with 3-mm-diameter holes to permit water circulation, and rectangular,
flexible, small-mesh screen containers fabricated on the {sland. Before the salmon eggs
were introduced, the plastic cylinders were weighted with sraall stones to overcomes their
buoyancy. The mesh containers were filled with gravel, as from a natural redd, into
which the eggs were mixed, Both were buried in the stream grave!l.

Post-Cannikin studies began on D-day and continued through D43, during which time
all accessible lakes and streams were resurveyead by similar seining and electrofishing
techniques as used pretest. The shoreline of each lake and stream suspected to have
been affected was surveyed by walking its perimeter and wading through its waters. Num-
bers and locations of dead fish found were recorded, and samples were taksan for latas
examination. Estimates of nambers of fish killed were on the basis of previocus seining
results and extrapolation of numbers from dead fish actually collected. Additional sur-
veys were made on D+31 to D39,

A summary of observations on lakes and streams affected by Cannikin from D-day
to D+3 is presented in Table 7. After Cannikin, fish were found stranded on mud flats
and in amall puddles of thase lakes drained by the detonation {BO, DF, DH, and 42h).

In these and other lakes up to 1,800 m from SZ {DH, DL, DM, and DMN) some fish were
also tossed onto the shoreline by the rapid upward movement of the ground. In addi-
tional lakes (DK, DM, and DN}, seine hauls and shoreline walks revealed dead and
moribund stickieback in the water. When examined these fish exhibited extensive inter-
nal damage: hemorrhaging, ruptured air bladders, and disrupted kidneys. On the basis
of these necropsy findings, it is believed that death was due to pressure pulses.

. On the basis of preevent seining results and postevent cbserved mortalities, an
estimated 14, 000 threespine stickleback and about 700 Dolly Varden were killed by
‘Cannikin. A breakdown of these numbers by cause of death is presented in Table 8.

Strong winds on the eve of D-day (see Appendix B) severely hampered live-pen
experiments. Erobably all of the threespine stickleback in 7 of 15 live pens contalning
stickleback died before Cannikin as a resuit of being beaten against pens by gale-
force winds. Only 2 of the 25 fish in an eighth pen in Lake DJ were alive after the test;
necropsy indicated the other l& probabiy died before the test. A ninth pen was found
upside down with the Iid off and the fish gone. The 25 stickleback in the bottom pen in
Lake DK were also found dead post-Cannikin. Evidence indicated they had been smothered
by bettom silt probably stirred by storm winds on D-1,
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TABLE 7. POST-CANNIKIN FRESHWATER FISH SURVEY
fish Found in
Bistance Condtion of Flth in Holdiog Pans Shareling Sutvey
from Time of Stickleback Seine On n
Lake SZ, metecs Visit Dolly Yarden Float Pen Bottom Pen Hauls Share Water
BO 313 D+l 12 -+alive 25~-alive 25+ -alive - o 0
D+a03}  12--dead 2i~-desd  25--dead -- Many stickledack found sranded
on mud flats of drained lake
BF 720 D+1 B --alivelP! not examined - 0 a
T+% 15--alive 25~--dead 25--dead .- [ I
OF 1,009 D+l 25~~dead pen net found - Many stbckleback S--dead oc
found stranded feable
on rmad Flacs of stickleback
drained lake.
Less thao 25
tetced on shore
DH 340 D+1 5= ~allve -- -- -~ Less than 34 H
Dolly Yarden
possed on shore
D@ geoalive - - 14 live 0 q
Dolly Yarden
(1} haul} =
1)) 1, 800 D-day .- i6--dead 25~ fmad - i} a
Fe=tlive
D+l - 18- desd 25+ dead -- o ]
Feealive =
D+2 .- -- - 41 Iive srickle- ] [
back from a
20-m haul
DE 123 D-tay  V--abve 25--deadl®) 25.deaald} -- ) o
i --alive
D+2 T--alive .- -- 45 -1ve srichle- i} 2 stickleback
d~-alive back dead oF
9--dead stickle- feebiel®)
hackcl 1--Brolly Var«
Jandead
DL 1, 354 D+3 -- -- -~ -- 7 stickleback ¥
found cossed
an shone
Dt 1,520 o k| - - -- - .o .2 -=dead stick-
iebackic)
and seversl
athers--
fesble
(3 1, 800 D+3 T--alive 1--dead 2--dead(®)  #1-12 Hve 25 -~dead 12-~deadit)
24 =-glive C3--alive stickleback scickleback stickiaback
i--live T,
Dolly Vardeno
FL-~47 live
) stickleback
w8 L 430 D-day B=-allve 25--dead - - o 0
- Dl B-=gfive -- == -— o o
D42 G- ~alive - - -~ o &
DF 2,050 Dday  1--dead 25 escapad  25-~dead -- a b
1« =faeble
Healive
D+ 1==dead - -- - ¥ (L ==dead
1--feeble greater scaup)
Ee-alive
D+2 G« -alive - - -- q 7

fa) Lake drained afrer subsidence craret fam:udllt H+28,
(b} Second pen not checked. ’
(c) Irtarnal hemomhage, wir btadder ruprured, kidoey disupeed.

{d) smotheced by botiom wiis: believed due 1o timing by stoom winds on D-1,
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TABLE 8. ESTIMATE OF STICKLEBACK AND DOLLY VARDEN
' KILLED BY CANNIKIN IN LAKES

{Exclusive of mortality of fish heid in experimental pens}

Cause of Death

Fish Thrown
Lake Drained Clear of Warter
Distance Fram fish Suarded . Pressure Pulse and Serandad
Lecation 57, merers sibfal  pidal  sikfal Dyial L Dytal
Small pord near pump statien 350 a 134 o 0 [ 7
Lake 30 216 2,06 (o] n [} ] :
lake DH 3440 ] 271 bl { t] Bidl
Lake DF 1,000 5, God ] o Q 1] [
Lake DK 1,210 o] il 2,900 G jil u
Take DL 1350 ¢ X kil 1] 15 ]
Lake Dt 1. 520 n i A Q 15 Q
Laks DN 1,300 L1l i 350 Q 44 o]
Totals T, 040 5Ta 2,900 [ ™ an
Estimated Taral Fish Kill 7.700 2,900 I H]

Estimated Torais by Species: Sricklaback 10, 200 -
: Bolly ¥arden 700

{a) Stb = stickleback
D% = Delly Varden.

Death of some stickleback in five of the live pens can be attribated to the effects of
Cannikin. In Lake DK, 1210 m from Cannikin 3Z, all 25 fish in the floating pen were
found dead. Necropsies showed that these fish had extensive internal hemorrhage, rup-
tured air bladders, and disrupted kidneys; these are characteristic symptoms of pressure
effects. In Lake DN, 1800 m from SZ, one dead fish and 24 live ones were found in the
floating pen; the bottom pen contained two dead and 23 live fish. Examination of the dead
fish indicated that only the two from the bottom pen were kilied by pressure effects of
Cannikin. One pen in Lake DF was not found and is presumed to have been lost through
a fissure that opened in the lake bottom. - All stickleback in both live pens in Lake BO
survived the D-1 storm winds and the detonation, but were killed by stranding when the
lake drained during subsidence.

Of the 69 Dolly Varden held in live pens during Cannikin, 55 survived the test
unharmed. Twelve were killed by stranding when Lake BO drained. In Lake DP, two
fish were found dead post-Cannikin, but cause of death could not be ascertamed it is not
thought to be test related. '

Four of the six plastic cylinders used to hold eyed pink salmon eggs during Canni-
Zin were da.rnaged by ground motion. The spring pins holding the top of the two containers
in stream DE wére jerked loose and a portion of eggs in one cylinder and ail those in the
other were lost. Both cylinders in White Alice Creek were cracked by the event but no
eggs were iost. The two mesh bags holding eggs in White Alice Creek were buried by a
rock slide. All the other containers were recovered without damage.

No dead eggs were found in any of the [2 containers recovered when they were
examined on D+1 and D+3. A portion of the eggs from each of the four experimental
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streams was removed D+3, placed in shipping trays, and returned to Logan, tah. -The
control eggs, held in the shipping tray during Cannikin, were aisc returned. All egg
groups, control and experimental, were placed in separate hatching trays for observaticn
of hatching and mortality. Facilities for these observations were provided through the
courtesy of Mr. Ron Goede of the Utah Experimental-Hatchery in Logan, and the Utah
Division of Wildlife Resources. Data on hatching and mortality of these salmon eggs
while held at the Logan Hatchery are presented in Table 9,

TABLE 9. HATCHING SUCCESS FOR FIVE GROUPS OF PINK SALMON
EGGS HELD DURING CANNIKIN ON AMCHITKA, ALASKA

Liata were taken after eggs were held 32 days in hatching

troughs,
Distance
From 52, Total Eggs  Percent
Location Type Holder m Total Eggs Hatched Hatched
Stream BR hesh bag 2730 204 1494 95 |
Stream BR Cylinder 2730 248 _ 232 ‘83,5
Stream DE Cylinder 1500 113 102 90.3
Stream B Cylinder 1500 K% 297 88.4
Control 273 270 8.9

Next to the contrel, highest hatching success and lowest egg mortality was
observed in the two egg groups held in Stream BR, the station farthest from SZ (Fig-
ureld). Lowest hatching success was observed in one of the groups closest to SZ
{Station BQ), in the stream which received most physical damage. While under obser-
vation in the hatching troughs, numerocus larvae in this laiter group died attempting to
hatch or were hatched deformed. Many of the symptoms were typical of eggs affected
by shock.

The initial hatching rate was considerably lower for groups at Station BQ than at
the other locations, although after D+29 it accelerated over that of the other groups.

A Chi? test of significance between each experimental group of eggs and the control
group shows that the hatching success of eggs in only one stream (Station BQ) differed
from the control, and then only at the 30 percent level of significance (70 percent confi-
dence limits). Because the control eggs were handled differently from the experimental
eggs ithe experimental egga were subjected to more handling during transport to streams,
placement in containers, burial in gravel in streams, retrieval, and transferhack to
camp), it is difficult to relate the cause of any mortality of eggs to Cannikin.

Additional groups of eggs were left in each stream after GCannikin to determine sur-
vival and hatchibility in the field. The two groups of eggs in Stream BR, the station far-
thest from SZ, were recovered on D+37 and only five dead eggs were found in one group.
Fifteen eggs in sach group had hatched and the remaining eggs were all alive (about
200 per group). The cylinder in Stream AH was partly {filled with mud and silt and all
but 34 eggs and 14 hatched fry were dead {about 280 eggs). All remaining eggs in White
Alice Creek (Station BQ) were found dead. There was no silt in the cylinder and the
reason for-loss of these eggs cannot be determined conclusively, The stream had earlier
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been contaminated by drilling wastes from the Cannikin site, and residual materials from
this contamination may have been released by ground shock at testtime. It should also be
noted that after subsidence, the flow rate in the lower section of the stream where the
eggs were located was drastically reduced. '

To summarize, about 10, 000 threespine stickleback and 700 Dolly Varden were
killed by Cannikin. No adult or immature salmon were near Cannikin SZ during the event,
and no salmon kills were recorded. Threespine stickleback and/or Dolly Varden were
found dead in eight lakes or ponds, 350-1800 m {from 3Z. Fish kills in these lakes and
ponds resulted from the following: fish were stranded as a result of lake drainage by
tilting or cracking of lake bads, fish were killed by detonation-generated pressure pulses
that ruptured air bladders and blood vessels, and a few fish were stranded when ground
motion tossed the lakewater ashore. Only stickleback were Xilled by pressure effects
and only a fraction of the stickleback populations in the three lakes where this occurred
were killed, Most of the fish killed by Cannikin, about 70 percent, were killed by strand-
ing when four lakes, 1000 n or less from SZ, drained. -

Physical Changes

Physical alteration of lake and stream beds occurred in twe phases of ground
motion: the first resulied from the detonation, and the second from the {formation _of the
subsidence crater at H+38 hours.

Resuiting fissures and scarps, described elsewhere in this report, drained six
freshwater lakes within 1.2 km of 8Z. ‘Four of the lakes (BO, DF, DH, and an unnamed
lake} were among a cluster of seven lakes located about 1 km east of SZ {Figures [4 and
13). A fifth {44a) was about 1.2 km scuthwest of SZ, and the sixth (an unnamed lake} was
tocated about 0. 9 km west of SZ. Ten other lakes were changed because of water loss
and slumping of banks.

Lakes BP, BO, and DH, at the periphery of the anticipated collapse crater, were
noticeably tilted away from SZ on D4l. However, on D43, after crater subsidence, these
three lakes were noticeably tilted toward SZ. A large fracture developed on the west
shore of Lake BO through which the lake completely drained. Tilting and draining appar-
ently occurred quite rapidly, because a '"'slosh" zone on the shoreline on the downward
side was apparent after drainage. '

Lake BPR, 0.74 km northeast of SZ, had a decreased water level following Cannikin,
This prabably resulted from water splashing out of the lake at testtime and during the
storm on D-1. No cracks in the bottom seal were chserved.

Only White Alice Creek (Figure 14) sustained major channel disruption. Flows in
the two tributaries of this creek on either side of Cannikin SZ were severely altered,
both by bleckage of the stream channels and by the terrain changes that took place on
formation of the,subsidence crater {Appendix C). In many places, stream banks caved in
and mot :ds of turf temporarily blocked the channels. The most notable blockage resulted
from a large tundra slide into White Alice Creek below the confluence of the two branches,
about 1. | krn northeast of SZ (Figure 16). Flow was interrupted and temporary ponding
occurred behind the slide. A long scarp resuiting from Cannikin formed a 1. 2-meter-high
bank across the south branch of White Alice Creek just east of SZ, and a new lake
promptly formed bhehind it. The lake shows up prominently in Plate 2, taken on D+5, and
was still there when USU investigators visited the site an D31
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Py b. Photographed on D45

FIGURE 15, FRESHWATER LAKES BEFCORE AND AFTER CANNIKIN

The center of the photo is about 6,9 km from SZ,
azimuth 110°. Note cracks in lake bottoms, and
long scarp in tundra, in the post-Cannikin photo-
graph., {BCL photograph numbers 13A-74 and 1B-87.)
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Photographed on D+5

FIGURE 16, A TUNDRA SLIDE INTO THE CHANNEL OF
WHITE ALICE CREEK, 1. | KM FROM SZ,
AZIMUTH 6%° )

Note ponding in stream channel above slide.
{BCL Photograph No. 7B-148)

Stream discharge at the mouth of White Alice Creek was markedly altered. 1. 5.
Geological Survey (USGS) personnel reported that flow at the stream gage in the lower
reach of the stream stopped immediately after the event, but resumed at a much reduced
rate on late D-day and early D+] (Appendix C}. Throughout the lower section of the

stream, rock and turf slides created many small temporary dams, through which the
stream has carved a meandering course (observed on D+34).

Temporary high turbidity was observed by USGS personnel in Clevenger Creek and
Constantine Spring on D+1. And, as noted eariier, water and drilling wastes escaped
through a breken mud pond dike at Site D and flowed down Falls Creek into the Pacific
Ocean until the break was repaired on D+1 [Figure 12).

A notable effect of Cannikin on the freshwater ecosystem of Amchitka is expected
ta be the formation of a new lake in the subsidence crater {Plate 2 and Appendix C).
~ Three shallow ponds now in the crater will probabily coalesce as the sink fills, forming

one of the largest and deepest lakes on the Island. '

In summary, the Cannikin detonation and subsequent formation of a collapse crater
drained six lakes and modified 10 others by changing water levels and/or slumping of
shore materials. The course and {low rate of one stream, White Alice Creek, was
drastically altered, and a new lake is forming in the collapse sink, which intercepts the
upper drainage of this creek. Falls Creek was contaminated throuwghout most of its
course by drilling wastes from a holding pond at Site D, The long-term eifects of these
changes on freshwater fishes and other freshwater biota are yet to be determined.
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Terrestrial Ecosystems

Most studies of terrestrial ecosystems of Amchitka were designed to measure the
long -term effects of Cannikin. Major emphasis in these studies was placed on avian
ecology; studies were also conducted on soils and plant ecology. The avifaunal studies
were carried out by investigators from the Cheaapeake Bay Environmental Center,
Smithsonian Institute {51} with assistance {rom a scientist irom Brigham Young Univer-
sity {(BYU}. Scils siudies were conducted by a geomorphelogist from The Ohio State
University {OSU}; and plant ecology studies were conducted by a scientist irom the Uni-
versity of Tennessee (UT).

Avian Ecology

Studies on the avifauna of Amchitak during late October and early November of
197] were centered around Cannikin, The principle objectives were to document test-
related avian mortalit};, changes In avian population densities, and damage to habitats
{especially nesting sites used by bald eagles and peregrine {alconsl.

Personnel in the avian ecology program were on the Island October 18 through
October 25, and MNovember 9 through November 15, 1971, Thus, testiime obsexrwations
on avian populations ended 11 days before, and began again three days after, the test,
The census counts discussed below must be interpreted in light of the l4-day period
between the last pretest counts and the first poattest censuses. Sixteen dead waterfowl
{Table [0 and Figure L7} were found during the early posttest searches. These birds
were autopsied by a veterinarian of AHRC., His report is as follows:

"Findings indicated that eight birds (seven harlequin ducks and one
pelagic cormorant) had been killed by vertical acceleration while they
rested on rocks. The force was transmitted in such a way as to cause frac-
tures of the legs, ribs, and spine, and the lungs were macerated in all,

""Seven birds were evidently killed by overpressures in water. These
animals had no broken bonea, and the abdominal viscera were little affected.
All had severely hemorrhagic lungs, and some were bleeding from the ears.
The scaup had extensive, encapsulated intraabdominal and intrathoracic
abscegses, but it was fat and in excellent condition.

"The thick-billed murre had died from natural causes. Depletion of
the pectoral muscie and lack of fat indicated a chronic disorder of undeter-
mined nature. The lungs and internal organs of this bird were normal in
gross characteristics. ' .-,

-In addition to these 16 birds, two more harlequin ducks were found later. OCne
appeared to hgve been killed by vertical acceleration. The other exhibited symptoms of
both pressure pulse and acceleration effects; this suggests that the bird may have been
in a dive and clese to the bottom upon arrival of the shock. wave.

- The number of dead birds recovered along the coasts should not be construed as
representing the total test-related mortalities among avian populations residing in the
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marine littoral waters. It is believed likely that an undetermined number of birds were

kiiled along the Bering Sea coasts, but were never recovered because of the strong off-

shore wind blowing on that side of the Island after the test.

- TABLE 10, DEAD WATERFOWL FOUND AFTER ’
CANNIKIN {NOVEMBER 6-9) ' E

Species Numbe r Found

Horned grebhe (Podiceps auritus) 1
Pelagic cormorant {Phalacrocorax pelagicus} 3
Greater scaup (Aythya marila) 1
Oldagquaw fClanEula hyemalis) ;
Harleguin duck {(Histrionicus histrionicus] )
Common murre {Uria aalge) 1
Thick-billed murre {Uria lomvia) 1
Total 6
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FIGURE 17. LOCATIONS OF DEAD W&TEEFOWL RECOVERED
POST -CANNIKIN

Mo dead terrestrizal birds were found. Two or three small dead birds were reported
to have been seen near SZ after Cannikin, but 2 search of the area failed to confirm the
report. Rock ptarmigan and snow buntings were common around 5Z following the test
and this, combined with the unsuccessful searches for dead birds, suggests that test-
related mortality among the tundra-dwelling birds was low.
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Pre- and posttest visual censuses of avian populations in the marine littoral waters
were made during helicopter flights between Kirilof Point and Chitka Cove on the Bering %
Sea side and between 5t. Makarius and Andesite Points on the Pacific Ocean side of the
Island. The results [Table t1l) show that the number of birds seen on the posttest census &3
was about t0 percent less than that seen on the pretest census. This difference was ¥
mainly a resulf of a high pretest count of glaucous-winged gulls. The gull is a .highly mo-
bile species whose movement from area to area is dictated by weather conditions and
local food supplies., Consequenty, it is believed that the difference between the pre- and
posttest counts of this species was not test related,

TABLE 11. HELICOPTER CENSUSES OF BIRDS ON THE BEACHES AND IN
NEARSHORE WATERS BETWEEN KIRILOF POINT AND CHITKA
COVE AND BETWEEN ST. MAKARIUS AND ANDESITE POINTS,
BEFCRE AND AFTER CANNIKIN

Pretest Count Poattest Count

Species October 21 November (1
Cormorant, red-faced and pelagic, combined 3g0 457
{Phalacrocorax urile and Phalacrocorax pelagicus) '

Emperor goose [Philacte canagical 75 10
Mallard {Anas platyrhynchos} 18 23
Pintail (Anas acuta) [ 0
Common teal [Anas crecca} 40 0
Bufilehead {Bucephala alberola} 0 Z
Oldsquaw {Clangula hyemalis} 0 3
Harlequin duck (Histricnicus histrionicus) 1147 1250
Common eider (Sornateria mollissima) 465 1
Red-breasted merganser (Mergus serrator) 0 4 >
Black oystercaicher [Haematopus bachmani} 36 30 =
Glancous -winged gull {Larus argentatus glaucescens) Tl2 457
Common raven {Corvus corax) d 1 . .

Totals . 2484 2238

The common eider also declined in the posttest census; but, as these birds normally
move well offshore at about this time of year, the decline is considered normal. The
common teal-usually inhabits the freshwater lakes in the autumn, but cccasionally small
flocks are seen in the marine littoral waters. Cne flock of 40 was seen on the pretest
census, but none was seen on the posttest count, even though the numbers present on the
freshwater lakes appeared to be normal. The decline in the numbers of emperor geese
in the marine littoral waters cannot be explained; their numbers should be increasing at
this time as the winter birds arrive. The numbers of this species will be éstimated dur-
ing a future winter field trip, '

Aerial c:znsuses of bald eagle and peregrine falcon populations were made around
the perimeter of the Island before {October 21) and after (WNovember 11} the test. On the
pretest flight, 234 bald eagles and 18 peregrine falcons were counted, and on the postiest
census 203 bald eagles and seven peregrine falcons were recorded. Weather conditions
for the posttest census were poor, and high winds forced the helicopter fo fly a consid-
erable distance out from the cliffs. Consequently, the reduction in nurnbers of raptors
counted posttest was probably weather related. Special emphasis will be placed vpon
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iuture studies of the peregrine falcon and bald eaglre ropulations to ascertain if any popu-
lation decline has occurred as a result of the test,

Habitat changes resulting from the test consisted of soil and overlying vegetation
slipping into the ocean from banks along both sides of the Island. They are described in
another part of this reporf. This area is unimportant for the nesting of any avian sﬁpecies
(Williamson and Emison, 1969), but is utilized by foraging winter wrens, Lapland long-
spurs, snow buntings, and rosy finches at certain times of the year. As the & ponds in
the vicinity of Cannikin 52 that were drained and about 10 others that partially drained
have never been noted to harbor any concentrations of aquatic birds, these habitat changes
are unlikely to affect avian populations,

The effects of the Cannikin detonation on sea stacks and rocky cliffs were of par-
ticular concern, since such structures are used as nesting sites by bald eagies and
peregrine falcons. At least three bald eagle nesting sites along the Bering coast {and a
fourth that is occasionally used)} and two bald eagle nesting sites on the Pacific coast
were lost in cliff and stack falls (Figures 18 and 19). No peregrine falcon nesting sites
used in 1971 were lost, but one used in 1969 and another used in 1970 were destroyed.
The sites destroyed were in a2 group of three sites located fairly close together on Petrel
Foint {Figure 20). Only one of these sites was used in any given year, hence only a
single pair of peregrine falcons appears to have been involved in their use., Whether the
lass aof two sites will affect the use of the remaining site cannot be determined until the
1372 nesting season. A peregrine falcon eyrie at Stone Beach Cove [Figure 18) that was
damaged by Milrow was further damaged by Cannikin. The Cannikin-induced damage
appears to be more extensive than that produced by Milvow,

™
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FIGURE 18. BALD EAGLE AND PEREGRINE FALCON NESTING SITES
NEAR CANNIKIN SZ
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a, Photographed on D-{7

b, Fhotographed on D + 5

FIGURE 19, A SEA STACK USED AS A BALD EAGLE NESTING SITE,
BEFORE AND AFTER CANNIKIN

Located on Pacific Ocean coast ~3.4 km, azimuth 236°, EE
from Cannikin SZ. (SI photographs)



a. Photographed on D-12

b Photographed on D+l

FIGURE 20. PETREL POQINT, WHERE PEREGRINE FALCONS HAVE
NESTED DURING THE FAST 3 YEARS, BEFORE AND

AFTER CANNIKIN

Two of the three nest sites utilized in different years by

a single pair were destroved, Petrel Pointis located on
the Bering Sea coast ~2.5 km, azimuth ~336°, from
Cannikin SZ. {BCL photograph numbers 4A-26 and 2B-72.)



30

The six bald eagle nest sites destroyed by Cannikin represents about 10 percent of
the number of sites used in any given year by the 35-60 breeding pairs of eagles that ,
inhabit the Island. However, eagles have a low degree of nest-site tenacity and there are
numerous suitable alternative sites that can be utilized. At most, 19 breeding pairs of
peregrine falcons are on Amchitka, and this species exhibits strong nest-site tenacity.
Only further observations during the next breeding season will determine whether the
losses of bald eagle nest sites and peregrine falcon eyries have had any adverse effects
on the reproductive success of these raptors. Certainly, there is no reason to helieve
that the Amchitka raptor population as a whole has been jeopardized,

The immediate test-related damage to avian populations appeared to be greatest
among the diving birds inhabiting the marine littoral waters within 3.3 km of SZ2. The
total number of birds killed could not be determined precisely, but comparison of post-
and pretest censuses indicated relatively little change in population numbers of most
species. Mo evidence of mortality to tundra-dwelling birds was found, although an uncon-
firmed report of two or three small dead birds near SZ was received. Because of low
counts in the postfest census, the population densities of emperor geese and peregrine
falcons will be estimated during future field trips. The long-term efiects of Cannikin,
particularly those that might result should there be any subsequent release of radio-
nuclides into the environment, can be determined only through future studies and com-
parison of pre- and posttest data. '

The damapge to sea stacks, cliffs, and beach ridges was considerable near S8Z.
Follow-up studies con the nesting succesa and density of the raptors and colonial clifi-
nesting birds are necessary to determine how disruptive the loss of nesting sites may be
to the Amchitka populations of these species..

Geomorphology

Two slope-movement grids were installed in April, 1971, to monitor movements in
the tundra which might be induced by Cannikin {(Figure 21). One grid was located near the
mouth of Ultra Basin in an area of kmown, natural siope movements, about 2 lan south-
east of SZ2. The second was estabiished on a potentially unstable slope approximately
1 km northeast of SZ. These grids were placed in areas believed most likely to be
affected by Cannikin, and that had maximum expression of the so0ils and vegetation range
for that part of the Istand. A survey of these and the two similar grids established prior
to Milrow was completed in April, 1971, A preevent survey of all grids was completed
in September, 1971, These 4 grids are also being used to study the effects on plant
communities [see next section].

In late October, soil-moisture levels were determined for each of the soils involved
in each grid at 4 depths, one always at the mineral soil-organic interface, i.e., zone of
potential sliding. [t was observed that prior to Cannikin the soils were quite wet; how=
ever, ‘all values were within the range previously established for each soil type, although
they were fregiiently near the high end of the range. Except at the Ultra Basin site,
moisture levels increased with depth toward the mineral soil-organic contact. This and
several other lines of evidence suggest that soil-moisture generally was somewhat above
normal just prior to the event; statistical evidence to support this is lacking.

The inland surface effects of Cannikin were, as expected, more severe than those of
the lower-yield Milrow event. Cannikin produced numerous examples of differential
movement along faults. The surface expression of these movements was linear scarps
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or cracks (Plate 2 and Figure 15}. Of these, major displacements or cracks are oriented
obliquely to the topegraphic grain, i.e., approximateiy N70-80E following generally the
trend of the major drainage, or are oriented parallel to or subparailel to the topographic
grain, i.e., N30E. Displacements along these trends do not appear great, except where
they may coiricide with arcuate fractures produced by chimney collapse where differential
movement may exceed 2.3 m. It seems likely that the fault control has strongly influ-
eniced the pattern of collapse fractures. Continuation of the major faults south and west
of the main road show little surface effects of the event This is consistent with the rela-
tively minor cliff destruction at the termint of these faults on the Pacific Ocean cliffs.

BERING SEA
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FIGURE 21. APPROXIMATE LOCATICN OF MAXIMUM SEA CLIFF TURF AND
' ROCKFALLS INDUCED BY CANNIKIM

Fault lineaments taken from USGS Bathymetric and Geologic
Map of Amchitka Island, USGS-474-74, von Huene et al.,
1971, are approximate, inferred from physiographic and
seismic evidence, pre-Cannikin, )

An important, although generally not apparent, effect of Cannikin involves the
valleyward shift over relatively low slopes (to 8 degrees) of sizable slabs of turi, Many
of these slabs may be more than 10 mZ and invelve thickness of about !. 5 m of ap or
b soil (description of soil types in Everett, 1971). The slides cccur at or just below the
mineral ‘soil-organic interface, and lateral moverment may range up te 20 cm. Cracks
often formed by #uch slab movement between bh and a7 or b soils but sometimes occurred
entirely in the az-b. soil. Because of the thick spongy mat of vegetation, the crack is

-5eldom seen. The crack may be filled with water to within about 0. 5 m of the surface.
Where such shifts took place near the valley bottom or along restricted segments of the
streams, ponding cccurred.
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In some topograp.:ic depressions surface water flow suggests collapse of the sub-
surface drainage that forced the flow to the surface. Nof every '"turf glide™ has resulted
in damming of surface flow or collapse of the subsurface drainage. Opening of the cracks
along the slope may result in some drainage of the immediately adjacent peat, but low
lateral hydrautic conductivity will minimize this effect.

Rt

One of the most common and obvious forms of surface disruption is the tearing of
the organic mat and some ejection of mineral soil and rocks just off ridge crests. Such
areas are noticeable east of Teal Creek Fault {Figure 21} and on ridges, especially those
parailel to a major fault or topographic alignment. Such cracks have occurred because
"of the proximity of bedrock, thin cover of organic material, and abrupt change in slope.
The breaks probably resulted in a shift downslope of the steeply sloping organic cover,
such as has occurred at the movement grid established east of White Alice Creek. Post-
event surveys of this grid should document the extent of movement.

Associated with the crack systems that contributed to the drainage of the small
ponds just east of the SZ perimeter fence is a tundra thrust sheet, i.e., a sheet of tundra
approximately | m thick, thrust eastward from a shallow basin up and over {0.5-1.0mJ) - -
adjacent undisturbed tundra. The thrust plane was at the peat~bedrock [rubble) inter-
face. In some places water was also ejected. In other areas of this basin "tur{ plides " %
occurred, This combination of disturbances has brought about ponding. S
Subsidence and collapse of underground drainage channels will result in ponding
and related changes in vegetation which may be extensive, especially east of SZ. The
full impact of this will not be fully apparent until the summer of 1972, Changes in_scil
moisture and vegetation associated with faults, thrusts, "turf glides™, etc., witl be
localized and may not be fully complete for several seasons.

Significant soil eruptions produced by hydrostatic pressure were noted apprcxi-
mately 1.4 lkkn eastsoutheast of 3Z, another at the northwest corner of SZ pad, and a
third in the beach sands of Sand Beach Cove, approximately 1.2 km north of SZ. All '
eruptions are associated with major fault traces.

Cannikin produced substantially more coastal rockfails and furf slides than Mil- &
row. These effects are most apparent along the sea cliffs facing the Bering Sea, from
a point just east of Banjo Point to just west of Petrel Point {(Figures 21 and 22). Except 7
for the rockfall at Petrel Point, all the major rockfalls cccurred in the eastern half of
this sector, as did the principal uplift of intertidal hench referred to eartier. Prelimi-
nary calculations of the principal rock and turf falls along this coastal segment indicate =
that a minimum of some 25,000 m3 of rock and turf were dislodged by Cannikin. This
value was determined from pre- and postevent high-quality ohligque air photographs.
This minimum value exceeds the latest pretest estimation by an order of magnitude
(Kirkwood and Fuller, 1971},

Several.factors contributed to the large amount of damage in this relatively short
segment of coast: [1] the uplift and major-rock-fall area is bounded by two major cross-
Island faults; one crosses the Bering Sea coastline just east of Banjo Point and the other,
the Teal Creek Fault, lies between Petrel Point and 5Z and crosses the Bering Sea coast
at Sand Beach Cove. Pending geologic confirmation, it appears that numerous small
faults and joint systems for which no surface or outcrop evidence existed occur between
the two major faults. Differential movement on these small faults, coupled with the
general uplift between the two major faults, served to focus energy in this area; {2} the




a. Photographed on D-14
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b. Photographed on D+l

FIGURE 22, SEA CLIFFS ALONG THE BERING SEA COAST, BEFORE
AND AFTER CANNIKIN

Banjo Point, ~2.2 km, azimuth 70°, {from Cannikin SZ,
(BCL photograph numbers 44-12 and 2B-53.)
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highly jointed and apparently more-resistant Banjo Point foermation forms most of the
Bering Sea cliff between these major faults. Natural erosion of this formation produced
numerous narrow, projecting headlands. The extent of deep weathering and joint separa-
tion on these headlands contributed to the rockfall from the upper portions of these fea-
tures; (3} turf falls and slides were numerous. The Teal Creek fault is the boundary, on
the Bering Sea coast, between the Banjo Foint formation to the east and the Chitka Point
formation to the west. Cliff segments composed of the less resistant Chitka Point for- A
maticn do not generally erode to free-standing headlands. They frequently support g
ancient sand dunes or are veneered with sandy soils. As a consequence, turf falls and
slides were the dominant forms of mass movement produced by Cannikin in these areas.
Such movements contributed a minimum of 5000 m3 to the total for this coast segment.
For the most part they involved thin sheets of turf which moved over bedrock on the
steep (to 43 degrees) slopes, such as those just east of Banjo Point. Other smaller :
slides were channeled in natural erosion chutes. Many of the turf slides, especially
hetween SZ and west of Petrel Point, showed evidence of fluid flow, as shown by their
bulbous termini as well as by the semiliguid condition of their surfaces several days
after the event, Such flows were characteristic of areas capped by ancient sand dunes .
or where the sand content of the soil was high {Group b soils}. Sands whose moisture
exceeds a critical value are easily fluidized by vibration.

Damage to sea cliffs on the Facific side was not as great as expected. Estimates =
based on comparison of pre- and post-Cannikin photographs place the combined fock and
turf fall at 2000 m3, compared to the preevent maximum prediction of 3170 m3. Damage
was heaviest eastward from Teal Creek, for a distance of about 2 lun along the coast.
Several small sea stacks were toppled in this area. In local areas further east toward
Ultra Creek, several turf and/cor rockfalls occurred. Just as on the Bering Sea coast,
the location of maximum damage was strongly fault controlled,

Rain wash and freeze-thaw, especially during the winter of 1971-72, will produce
additional minor rockfall along both coasts.

Terrestrial Yegetation ' )

Four grid plots described under the Geomorphology Section {Figure 21) were
chosen for plant-community studies hecause they are located in areas where the degree i
of drainage restriction was well defined by soil differences, and the composition of the -
plant cornmunities varied greatly. Vegetation maps were prepared for each of the plots,
and preshot aerial and ground photographs were taken of each.

Because a notable effect of ground shock produced by Milrow had been the explo-
sive disruption of moss (turi) mounds (Kirkwood, 1970), an effort was made to determine
the cause of this phenomenon. In a crude attempt to estimate internal pressures gener-
ated in turf mounds by the detonation, 10 sealed cans were planted ~0, 3-m deep in four
turf mounds agpproximately 1.5 km from Cannikin 3Z. (Similar meunds close to Mil-
row SZ had efploded during that detonation in a way that suggested increased hydrostatic
pressure was respongible.) Mone of the cans planted in the turf mounds were crushed or
completely ejected, but some movement occurred in two of the mounds., The two mounds
appeared to have been compacted by the shock, while the tundra around them had a
"fluffed" appearance.

The number of turf mounds fractured by the shock produced by Cannikin was much
smatller than anticipated. OCnly 7 definitely fractured mounds were found, all just east il
of, and within | km of SZ. There were fewer of these features close to Cannikin 3Z
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than to Milrow SZ, but even some mounds in relatively similar locatmns did not visibly
fracture as a result of the Cannikin shock.

Changes in drainage resulting {rom Cannikin can be expected to cause shifts in
the composition of the plant communities in affected areas. [f seems likely that the
relatively mesic crowberry meadow community, which is most widespread in the Canni-
kin locality, will be most severely altered, with the shifts either to wetter sedge-lichen
meadow or toward drier crowberry-siripe communities,

Effects of Cannikin on plant-community structure will not become apparent until
after one or more growing seasons, bui it is now possible to predict the kinds and, with
some reliability, the magnitude of changes that are likely to occur: (1} plant communities
that will be inundated by the new lakeis) will be lost; {2) terrestriai plant communities
will develop on the exposed bottorns of lakes that drained and do not refill with water
{the first stages of this succession will be dominated by sedges); {3) plant communities
will eventually grow on surfaces newly exposed by rockfalls and furf slides { this succes-
sion will begin with bryophytes and be fpliowed by graminoid species (sedges and
grasses}]; (4} two plant communities along the sea coast near SZ will be relocated
hecause of the change in soil moisture {this will result as a consequence of the turf
slides along the bench-like terraces just inland from the cliff tops), The drier grass
community {primarily Elymus, Festuca, and Calamagrostis spp.) will be located fur-
ther inland from its pre-Cannikin location, and the sedge-lichen community will, as
hefore, be inland from the grass community. Although this shift will vary greatly
according to terrain and distance from S2, it is expected to involve a 2000 to
3000-m?2 area. The area where the shift will be most proncunced will be between Banjo
Point and Petrel Foint. In this area the extension inland of the grass cammu.mty mzy be
as much as 10 m, though averaging only about | to 2 m,

It will be some time before a complete assessment can be made of the changes to
the vegetative cover of Amchitka caused by Cannikin. Ecological processes on Amchitka
differ greatly {rom those in more moderate climates at similar latitudes, and recovery
from disturbance will be slow,

Bicenvironmental Radicactivity

The nuclear tests at Amchitka were designed to contain all radicactivity under-
ground. Howewver, biological and environmental samples were collected for radio-
nuclide analyses since the inception of the current bicenvironmental research pregram
in 1967 (see Vogt et al., 1968; Isakson and Seymour, 1968; and Held, 1971). Objectives
of this program are to obtain and interpret data on the kinds and amounts of radio-
nuclides in the Amchitka ecosystems, and to diiferentiate between radicactivitiés that

may be of Amchitka origin and those originating from worldwide fallout.

During the period covered in this report, the radienuclide analyses and resultant
conclusions were the responsibility of the Laboratory of Radiation Ecolegy, University
of Washington {(LRE). The samples analyzed were collected by LRE, BCL and its sub-
contractors, and by FWS, ADF&G, and UAz personnel. On-site radiological monitoring
was also conducted by Eberline Instrument Corporation, and an off-site radiclogical
surveillance and public safety program was carried out by the Environmental Protection
Agency, Western Environmental Research Laboratory.
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Samples from the terrestrial, freshwater, and marine ecosysterns at Amchitka
and its environs were collected and analyzed. Seafoods and radionuclides potentially
available to man through food webs were emphasized. However, organisms other than
seafoods were also collected and analyzed in a search for indicator organiams (species
that concentrate cne or more radionuclides). Concentrations of some radionuclides
besides those potentially hazardous to man were measured to provide clues to the origin
of radionuclides found at Amchitka; the detection of unexpected radionuclides or unex-
pected ratios of radionuclide concentrations would be an alert to the possibility of a local
release of radioactivity.

The samples collected near Cannikin, Milrow, and Long Shot test sites over a
perviod of 14 months before Cannikin were analyzed for various radionuclides {Figure 23
ghows locations and type of samples collected). With the exceptton of tritium in water
samples taken near Long Shot SZ¥, all of the radionuclides detected were from world-
wide atmospheric fallout, Radionuclides in this category and identified in varicus sam-
ples were: %7Sc, 54Mn, 35Fe, 60Co, 652n, 952,-95Nb, !03Rry, 196Ry-106R,, 108my,,
“Dm.&g, 135Sb, 137Cs, 14UBa-l4ﬂLa, and 144Ce-144Pr. The concentrations of the
radionuclides found were within the range of values reported for similar samples from
other parts of the northern hemisphere (sse Held, 1971).

These haseline data will enable identification of any local release of radionuclides
at Amchitka by either qualitative or guantitative changes in the radionuclide contant of
biologiczl or environmental samples collected post-Cannikin. No significant differences
were {ound between the pre-Cannikin baseline samples and post-Cannikin samples col-
lected in November and December, 1971l. Some samples remain to be analyzed, but
priority in analysis was given to kinds of samples most likely to concentrate radionuclides
and to samples from areas believed to be most susceptible to release of radionuclides by
seepage near the faulis at Duck Cove and Sand Beach Cove (Figure 21}. [t is therefore
unlikely that the results of analyses of the other samples collected in Movernber and
Decermber will change the conclusion that there was no release of radionuclides following
Cannikin, '

Snow and particulates filtered from air at Amchitka during the first week of
December, 1971, contained l2-day hali-life 140R4-140La, not detected in samples col-
lected early in November, and a higher concentration of 95Zy-95Nb than did samples
collected pre- and post-Cannikin in November. The 14083-.140L,3 and increases in
57 r-95Nb were from worldwide fallout generated by the Communist Chinese atmospheric
nuciear detonation on November 18, 1971; they were also seen in rainwater from Seattle,
Washington.

*5low seepage of rritium to the surface from Project Long Shot is a well -documented special case. Above -background levels of
tricfum in surface and subsurface water samples coflected near Long Shot SZ (Long Shot mud ponds and drainage ditches, small
natural pords adjacent 1o $Z, and hydrologic test holes locared 180 meters or less from 52} kave been repored 2y Castagnala,
1969; Essingran, Forslow, and Castagnola, 1970; and Held, 1971. The highest witium concentration repored in these Long
Shat surface -ware#gamples was about 1.4 x 1075 RCi/ml, some 30 times a: high as that in background samples collected at
Amchitka locarions distant ftom the Long Shot site. However, the highest tritium levels in surface water from the wicinity of
Long Shot 3Z were still well below the Conceneration Guide of 1 x 163 pci per ml of waser, accepted by the U, 5, Atomic
Energy Commissien as a radiation-protection standard far continuous exposure of popularions in an uncontrolled area (USAEC
wlannal, Chap. 0524, 3tandards for Radiation Protection).

Analyses of Amchitka seawater and freshwater samples for tritiutn are now being carried out by the U 5, Geclegical Survey.
Teittum in comsmercial seafood produces from the North Pacific and Bering Sea fisheries iz being monitored by the Environmental
Protection Agency, Westem Environmental Researchi Laboracory. Thar laboratory is also measuring the tritium content of cenain
biotogical samale: collected in the marine envienment arownd the Island.
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FIGURE 23. LOCATION OF SAMPLING SITES FOR RADICACTIVITY STUDIES

The limita of detection for each analysis depends on the size of the sample available
and the concentrations and kinds of other radionuclides present in the sample. In gen-
eral, the limit of detection for gamma-emitting radionuclides in biological samples was
less than 30 pCi/kg of fresh tisaue, or approximately 1/100 of the concentration of
naturally occurring 40K in figh flesh. The limit of detection for gamma-emitting radio- .
nuclides in seawater separated with a large-volmne water sampler (see Silker, Perkins,
and Rieck, 1971} is approximately 10-2 pCi/l water, or approximately 1/30, GL'!IJ of the
concentration nf. naturally occurring 40K in oceanic wa.tera

Anin Eitg gamma probe {(Riel, 1966) was alao used zbecard the M/V Pacific Apollo
during the testtime period. With this instrument, gamrma-emitting radionuclide concen-
trations at specific marine locations can be measured within a few minutes or hours of
release, depending on the limit of detection being socught. The gamma probe is a less-
sensitive method than the large-volume water sampler; for example, the limit of detec-
tion for ?3Zr in seawater with the probe is approximately 1 pCi/l water for a 1-hr count,
On D+1, four sampllng locations in the Bering Sea (Figure 2i) near SZ showed no
dete ctahle gamma activity other than that from naturally occurring 40K, This resuit is
consistent with the results of analyses of large-volume water samples coilected on D+3
at Duck Cove and Sand Beach Cove; concentrations of ??Zr-75Nb were } x 10-3 pCi /1l
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and 1 x 10-4 pCifl, respectively. The concentrations of 9571 -95Nb measured at both o
stations on D+28 with the large-volume water sampler were 4 x 1072 pCi/l; the increased %
concentrations also reflect the increase of worldwide fallout from the Chinese nuclear
detonation. -

No radionuclides detected at Amchitka are aftributable to a release from Cannikin
or Milrow. However, sampling and analyses of a broad spectrum of biological and
environmental samples will continue quarteriy until June, 1972, then sampling will be
conducted less {requently unless radionuclides that can be related to either Cannikin or
Milrow are discovered.

The on-site monitoring for Cannikin, conducted by EIC, involved the use of a
Remote Area Monitoring System (RAMS), which measures gross gamma intensity, Air ,
Sampling Unitz {ASU's), and Thermeluminescent Dosimeters {TLD's). RAMS units {18} i
were located in a circle of ~760 m (2500 ft) radius around SZ, at SZ (2}, and at the
Recording Trailer Park (2). Two TLD's were placed at each RAMS sfation. Battery
operated ASU's (9} were located at alternate RAMS stations in the arc, Gasoline-powered '
ASU's were operated at the Main Camp, at the Control Point (NW Camp), and at two sites
near Infantry Road, one ~1740 m (~53700 ft) eastsoutheast of SZ, the other ~1920 m

{~6300 ft) northwest of 82,

KR

On D-day all RAMS units functloned properly up to zerc time. As.a result.ef the
detonation, one unit at 32, one at the Recording Trailer Park, and one unit in the arc
failed because of wire breakage. The cther RAMS units operated reliably until they were -
shut down on D+4. No radiation levels in excess of that from the 2mR/hr check source
located on each probe was observed or recorded.

Air-sampling units located with the RAMS unite in the arc were started automati-
cally at zero time by a seismic switch and were operated through H+48 hours. Analysis
of the filters and charcoal cartridges from these air samplers, by gross gamma counting,
showed no event-related activity; the limit of detection was 10-12 yGifcc of air.

The gasoline-powered ASU's were cperated from D-1 through D44, The fiiters and ,
cartridges from these samplers showed no event-related activity.

The 36 TLD units {two located at each of the 18 RAMS units on the 820-m arc) were
recovered and read at approximately D+10. The readings indicated no exposure above the
preshot background accumulation rate of & mrad/month.

- EIC also carried out an environmental sampling program designed to determine the =
levels of various radionuclides in vegetation, soil, and bottom mud from streams, in the
immediate area around Cannikin SZ, the postshot drilling pad, and the surface drainage
systems nearest SZ. Collection of samples was initiated in August, 1971, and continued
through D+8. - Analysis of postdetonation environmental samples showed no evidence of
any contamiaation resulting from Cannikin.

An extensive ofi-site radiological surveillance and public safety program for
Cannikin was conducted by the Western Environmental Research Laboratory (WERL) of
the Envircornmental Protection Agency. The WERL program included a wide range of air
sampling, dosimetry, and environmental and foodstuif sampling and analysis, at stations
in the Aleutian chain, the Alaskan Feninsula, and the Alaskan mainland. This off-site
radiclogical surveillance has indicated no change in environmental radicactivity back-
ground levels as a result of Cannikin, (U. 8, Environmental Protection Agency, =
Western Environmental Research Laboratory, December, 1971.)
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SUMMARY

Concerning the bicenvironmental consequences of the Cannikin nuclear test, the
most important findings made during the period covered by this report can be summa -
rized as follows:

¢ During posttest beach searches, 18 dead sea otters, three injured
sea otters, two abandoned sea otter pups, and four dead harbor
seals were found, The number of marine mammals killed by Cannikin
cannot be determined precisely,

e Individuals representing at least five species of marine fishes were
killed, Of the ~300 dead fish recovered, most were rock greenling
found on an uplified intertidal bench area, The number of fish
killed in offshore waters is not known, hut the investigators believe
that thousands of bottom fish may have been killed, as indicated by the
reduced catch per unit of effort of rock sole in the Bering Sea adjacent
to 52,

» Invertebrate animals and plants were affected locally in an intertidal
bench area on the Bering Sea coast that was uplifted, Part of the area
was buried by cliff falls, and the uplift of the bench is causing die-
off of some algae, and die-off or migration of invertebrates that
cannot adjust to the change, The affected arez is about 2 km long, Co-
and comprises only a amall fraction of the total intertidal bench area
of Amchitka, '

s 5ix lakes were drained, ten were partly drained, and one large new
lake is forming, It is expected to become one of the largest and
deepest lakes on Amchitka,

¢ Several hundred Dolly Varden, and perhaps 10, 000 threespine
stickleback fishes were killed in the freshwater lakes near SZ,
Live, eyed pink salmon eggs emplaced in stream gravels within
1560 m of SZ survived the detonation with little reduction in
hatchability, '

e Eighteen dead birds representing seven species of waterfowl were
recovered during the early post-Cannikin surveys, While the total
number of birds killed is not known, comparison of pre- and post-
event counts praoduced no evidence that Cannikin affected the popula-
tion density of any species,

s No dead bald eagles or peregrine falcons were found, Six eagle
nesting” sites were destroyed, two of three peregrine falcon eyries
located at Petrel Point were destroyed and one eyrie damaged by
Milrow was further damaged by Cannikin, The six eagle nesting
gites represent about one tenth of the sites cccupied in any one year
by the 55-60 nesting pairs of bald eagles, but numerous suitable
alternative nesting sites exist. About 18 nesting pairs of peregrine
falcons are on Amchitka, Since peregrine falcons exhibit a high
degree of nest-site tenacity, it is not as yet known how the loss or
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damage of three eyries will affect reproductive success in succeed- S
ing seasons, w

Rockfalls and turf slides of about ten times greater magnitude than
predicted cccurred along about 5 kan of the Bering Sea coast adjacent R
to SZ. It is estimated that at least 25,000 m3 of rock and turf

were dislodged along this section of coast. in all other coastal

areas the effectsa were minor,

MNumerous cracks and low scarps were formed in the tundra at the
time of the detonation and when the subsidence crater formed,

No increase in background radiation levels attributable te Cannikin
were detected in posttest sampling.

No animal, bird, or fish population on or around Amchitka Island
was jeopardized by the Cannikin detonation,

ha
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AFPENDIX A

FRELIMINARY REPOUT

CANNIKIN GROUND MOTION ANID WATER PRESSURES

. by

M. L. MeTrin
Sandia Laboratories

Four projects aro relevant to tioingical axpecimentere' naed fur information on
ground maotien and water pressurgs Pesulting {rom Cannikin, b‘undia,'-‘u part of the
Lawrence Iivermare Laboratory tochmical program, messured sndavgeound and surface
. - arcelerations and velocities, Relevant datu frein this pruject apre tahylated inp Table A-1,
The Earth Sciences Lalwratory ol NOAA (lormerly the Coast and Geadelic Survey] mes-
AVPENDIX A vured ground maohion with seismic mstrumMents as (ar awily as Shemya and Adak (West
and Chrigtlie, 19713, ¥ Melevant data lronn this project are given in Tabla A-2, Sandia,
an part ot the NVOOQ #ifevis program, inglalled o puiiber of active and passive aoculers
nelers and pregsurce gages ot poity coordinated with expepunente s of the bioenviron-
FRELIMINARY REFORT mantal program. (Active gages are pages and recording systems that yield the whole
history of the phensmanun being muoasured; passive gages are solf-recording gagea that
. i N . mdicate only the prak values, ) Rablevant scoeleratione (rom this project ape given in
CANNIKIN GROUND MOTION AND WATER PRESSRES Table A+1, and preswsure data in Table A-4. The Holimes and Na:-vu:' :urveygcrcw Miea-
] ) sured thy heights of & great number of poings on land before and atter Cannikin, to obtain
Data from Sandia Laburatories, infennation on uplift or subsidunce of those points, A welectien of such data, inecluding
Albuque rque, New Mexico all coustal dals naw in band, ie given 1p Table A-b; the Jpvatiohs of & gumbey ol the
suTYey puUinty are shown on Figure A-H,

The Sandia surihce measureinents and aclive Mmeasuremonta of water pressura gave
! limited coverage bacause genarator power was lust |, B seconds afler tha delanation, As
a result all data trom stagion 533 wore loel, and lap-down pulaes were loast on several
uvther stations, including SB4 on the Bepiog Sea boach, (Exporience says that the largest
apceleration at sutface zero is usually the Grst pulse, AY-1in Table A-1, The loss of
meavured slap-down pulses, AVe-2 un Table A-l, at station 5O and 530-1 is probably thus
not critical, ) Tymcal veetical scceleration and velocity records (those for station SE55)
are shown o Figures A- 1 and A-&, The acceleration pulse of 10 g at 9, 55 seconds iz at
shock arrival, Valecily jumps t0 520 cm/sec, then decreases at the |-g rate aymplow-
atee of spall, i,e,, failurg of rock a0 lenvion below (he surface, When the spalled male-
. rusl hits besttoan agan at 1, 85 peconds, there iz a gavond or slap-down acceleration pulse

Yo g, and velouily returnae Lo hedr 2ero,

Ponh values ul thews vertical accelarations [AVEl, as woll as thase from instru-
ments which meaputed only praks, ate plotted versus slanl range (R) from the under-
ground shot paint 1n Figure A-3, Tha statistically best linear fit 1o these data is

' . -1.91
- AV - 9 8 R
w km

=
wer, L W oand R K Clmistar, V41 U eed ey Mt Dakg, s anmikin Fvea™, PG, M- 116 250



A-Z At
TABLF A=1, SURFAGCE MOTION
(Prelininary) : .,
Coordinates HR, %" SH, 8, 1, Av-l, AV-2, Uv, gV,
Loeation N E km ke deg  Bec " 2 em/gac  em n
TABLE A-Z, ERC/ESL SURFACE MOTION
80 4134 6238 0,015 3,79 294 0.400 34 - (1300} = = = = =
1260 1775) SR, H, [ AV, A.vector, uv, U-vectar, dV, d-vectar,
) Station km deg  apc B K cm/ses emi/eec cm e
50-1 412 4307 0,099 1,792 238 0,450 30 - {1200)
100 (590 MO 10,4 315 R.AE 0 0,60 0.79 35 a1 6.6 14,2
51 4020 &047 0,320 1,822 239 0,455 17 >i0 {1000) MG 1 14,7 118 2 R0 0,24 0. 64 17 12 5,3 i3
945 {450) MQ3 14,7 133 2,48 data questionable
83 4338 5367 0,967 2,053 279 0,510 15 35 (540) Moz 14.8 137 400 2?.; ?‘:?, 1. # 20 4.4 i0.4
i5 =20 ®70) . =
410 (Z2Z0) MOSs 15,8 142 2,80 0.5 0,06 29 . 15 7.3 9.8 -
SB4 SdH4 6482 1,309 2,170 7 0,550 10 3 (640) MO8 18,7 119 58 0.8 .28 B33 2z 4.6 B0
640 {250} MO 20,7 M2 443 G436 02y 116 14 3 5,45
SF53 4973 5307 1,284 Z.2Z) 308 0,545 10 16 {580} er«?w-cp W, 6 300 6,10 G 060 0, 0H9 8.5 12,6 4.4 7.2
: 520 {170} t '
SFSN G144 4970 1,657 2,458 305 0,610 & 26 (400) w41 ¥4 38 0. b40
. 100 [1a7) RAT £5.0 304 0, 2o
86 5£33 4B33 L 821 2,572 306 0,650 & 25 (290) AMA 126 39 o.uis
335 (81) MY 305 B0 42,43 0, 0024 0.0039 0,22 0,27 0.06 0,095
{Adak)
S5F 12 39 4001 3, Xi 13 301 0,915 4,5 .
s be 3007 3.5 M3z gf;g; (53) MO# 6 294 s2.23 00,0027 0, 0042 0,23 0,60 0,06 0,16
{Shemya}
SFI2ZN 5177 3590 3,380 3,836 306 0.990 3,2 .8 (230 —
' 230 {48) S Wes and Chioasde, NVO-116%-3240,
. B L | ud
s18 7688 2229 5,387 5.630 300 1,480 4.0 . = (200} - v
240 (3“5!, v, - fusr amnval Dime

a
AY - smplitwle of vedical acceleration

UV amplitte of vanlcal vizlocHy
AV - amplitidde of sl Daimdgens daplavenent

Sogeces: W, R Penel, Sandia, pivate sompnnwsation

Coordinares aig relsive W3 N5, Tog, GO0 E G40, GO0,
Nmnhere in parentheses are reaults ol sw iptegration.
sdenores slgnal or litegea] dik e seach peak

K
AV-1 < papplibile ol vertical acoeleration, fs pulse

Motatian, 1k = lurisonial range
BR kI Ll AV-2 - same, wecomd of lap-hred i M
S - wzhnt UY - snplicde of veruical veluity "

[ barst aifival Vi dv - aanpnle of venwal taiacut displacesiea,




TABLE A-1, PEAK-READING ACLCELEROMETERS

Coordinales HR, esﬁ, A, AV,
Locatien ™ E un km dey B CGiage Type

BP Lake 47610 46720 0,70 L, 92 36 22,5 AD30
a3 4340 5370 0,97 2,03 573. 29 ALS0
CTR24O 2960 GA90 1,24 2,18 171 14,8 AGI10
DE Lahe B1490 SHEO 1. 24 2,240 LR Y 234 A0
DE Stream 5240 7410 1,51 2,34 47 16 ADZ0
AH Stroam 1410 1670 1,55 2.3 159 19 AG30
(s RGO 6460 1.57 2. 348 i) 15, 5 ACID
5 T.R, GLtG 4540 L. 80 2,54 304 .14.‘) AGIO
56 G240 4835 1,82 2.55  10% NG AD
(9] 4435 B&6BO 2,37 2,97 85 17.5 AGlo
2 L4 8o 5280 Z,52 3,09 336 12,8 ALY
DR Strecam Zlug 4274 2,92 4,44 227 14,4 ADLY
512 G174 IREBY 3,38 3,83 Iob 12,0 AGIO
<7 ) 2310 3160 3,67 4,08 239 7.7 AGS
Micruwave Blation 3055 104120 3, K7 4, 26 |03 7.0 AGLO
Emerald Lake L 70 3170 3, 89 4, 24 k1% 10,7 AGIU
Emorald Lake t4B0 1100 E AT 4,34 o 157 AGIO
cl 8330 3000 5. 28 5.57 322 2.4 AGE
518 TR 2240 6,37 &, b6 311 - AGH
b 3920 12160 G, 84 &,11 Y2 7.4 AGS
533 : 11415 =J200  10,4% 10,59 114 1.2 AG2

Nowanon: HRE « luawzom af range
SR = adant sange
B = adiinl
Ly - Lol armival v
AY - amplitmde of vemical avenlatalion,

Gage Lype AL aecelemmbictor ip Bynas behines §orp,

A accelenmeler drom Teledy e rGeosieel
NuNbet fomnsiat gage o,

A-5
TABLIZE A-4, PHRESSURE GAGES ,
Conrdinates Hit,  5H, S Depth, - 1, L] te, L
Locatiun [ E hun kerta dep cm ) Rire atrm vec stm
RF 4780 6760 yord b9 ¥ shag LB LEH 1670 1,15
470 BTeld 0,72 1,93 37 GU-iR , 98
20 bBOD 0 79 L% 3T GD-3B 77
BC 4to0  Vi40 0,82 197 W4 d5.y A9
oIt WU TOBO 0.4z 2,01 1dy  35-23 2,01
o]’y 3980 Tion L0101 2,06 1w k0-0 1,13
RG 780 M40 I, 18 2,14 Lt 45-14 L5
DK 5390 oHGT 1,29 X 20 L1 TR Y] LB TR 2,79
5300 BELT 1,29 2 do 1y 7R 1,73
DKL 4600 Tl 1,41 L 2E 0 3w 4s L6l JBE 1, 7417 -
120 QP04 wbul L 4% 2030 IRE 50 L
1217 5240 7410 1,51 2, %4 45 25 Y
25 Y
AN idln THTh I, 4k 247 294} 10 1. 71
- b jed L2
13K Gl 457U 06 2T iud 45 : _H .8l 1, o4 2,10
s34 45%%0 2,00 2% LI E I T 1, o8
L2 5400 #5500 2,15 2, B0 ‘o4 7R L2 A4l 1,500 . GH
3R 2lo0 4270 2,42 3,43 L2400 4% 1,08
44 =1
512 G270 3D 3 38 S B fu4 40 LR
Emerald w&l0 3 1HS i, 41 4.0 iy ET1] L b
S18 70749 2490 4 88 5,24 e b i)

A btk aech s 5000 e i W Can paogdion, AR poslee

[LERLITIE |’|

unggidladic al TS Drebn: s

U gl e ol Sevomk e e
l'__ RPN TS AT vl il m e FIA TR T TN ST Hap)
Wl sk e (D iive g,

T gz al rawye

Ry aladk fanye
L= sznmmih
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A s : A-7
TABLE A-5%, SOME SURVEY RESULTS

Coordinates Dist,, Ar,, Elevation . e - -
. N, E, R, 4 Pre,, Foat, Change ' ’ ’ J [
Location m mo. krn deg [ T ft Pt m !
Surface Zaro 5, T04, 186 64‘:, 322 0, 207.68 191,70 =15, 98 -4, B7 ” T I ! S
Greatost down 4018 [Y111] Li7 117 -50 to =60 -15to 1B : ’ | I '
Greatost up 2447 H520 .31 37 150,13 156,43 16,40 7 1,98 e ‘ 1‘ i -
USG5 IB 7261 4502 3,87 329 20.099 20,390 4.2 +.09 5 L
TP 71 1110 4733 3,33 331 15,503 16,789 4,286 . +.09 £ e -
USGS SBE 6472 5360 2,48 337  2.900 3,150 +.250 , 08 &
TF 113 £2H0 5528 2,25 339 ], 080 1,387 +.307 .09 B
TF 119 4100 E654 2.03 34l 2,462 Z.938 +. 476 , las § @
FRI 0+00 55610 (BZs .46 20 1,907 5.415 43,508 .07
FRI <1 R0 GBGY 1,51 21 2,485 5. 178 +3,293 l.00
FRI =2 ) 6632 3940 1,57 23 2,313 5.32%  +3, 006 .92 - ‘ ' ! !
FRI =3 55TS 6995 1,54 26 3, 395 6.325 42,930 . 89 |
FR! <4 . BB42 7058 1,54 28 2,202 4,579 42,377 ,T25 ) f
TF 155 5476 7235 1,58 3% 0,711 2,485 41,774 L 54 i a3 4 as I3 s
FRI <6 S3H0 7286 153 39 L. IBS 2,934 41,749 .51 i, nactncn
TF 158 . 5350 7280 1,51 39 7,211 . 9,098 41,887 L6576
TF 160 5314 7352 1.5% 42 0.95 3,234 42,269 NT)
TF ii} 5302 7418 1.5 44 1,570 3,729 42,159 b FIGURE A-1. VERTICAL ACCELERATION, STATION SF55 (HORIZONTAL
TF 162 \ 2, 264 4,167 11,903 Y RANGE L4 EM, AZIMUTIE Juk)
TP 163 n284 7504 1.6 47 1,205 2,937 +1,732 .53
TF 164 5302 7571 167 48 7,004 8,714 11,710 .62
TP 166 L2y 7598 1.64 51 1,474 3,567 +2.089 R
TP 167 5149 7634 1,63 54 0, 421 2612 42,191 07 e o
TP 170 L020 7715 1,62 59 1, 356 4,145 42, 789 L85 . | [ -‘
TE 171 s008 7790 L6861 1, 260 4,310 43,050 .93 | i
T 174 5077 7900 181 &1 - 0,645 2,591 41,944 .59 14 . l , I
TP 176 5020 7937 1,82 63 0.819° 2,192 41,373 LA I
TP 177 5044 o982 1.87 63 2,624 4,424 11798 " .58 " i ‘
TE 178 nYBY Booo L9t oz I, 036 2,38 41,345 .41 C 2
TF 180 5002 8060 1,92 65 1,503 2,905 41,402 .43 b J
TP 181 4963 ’117 1,96 67 1,749 3. 148 +1, 419 k] = H
TP 182 4930 K200 2,02 69 1,351 2,775 +1;424 .43 ¥
TP 183 4885 8225 Zz,03 70 2,885  4.117  +1,232 L3 "
TP 185 4843 8315 2,10 73 0,447 1,729 +),28% .19 ; ,
T 190 4930 8372 2. 18 T 2,080 .42 +, B32 .25 ' '
T1* 14!l 4948 8402 - 2,22 0 1, 597 2. 470 +. 873 2T ;
TP 192 4915 8420 222 72 1, 900 2,771 +, B77 L27 = '
i |
i UL Bammeons, Holmes aod Narver Sufeeyoes plivate commwnisativn. i 0‘9 a n":l ia T

0 s aamge -
g ki,
1
B FIGURE A-Z, VERTICAL VELOUITY, STATION 51765 (HORIAONTAL RANGE
L3 KM, AZIMUTL 3048

(hea gure A-8.)
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FIGURE A-d, PEAK VELOCITIES VERSUS SLANT RANGE

LR

Thik (liled cutve i about 50 percent above proshol predictions available to biological
propranm invesligators, Individual points vary by a factor of two about this fitted curve,

Similarly peak valugs of vertical velucity (U Veom/Zsael a2ty plutted versus slant
range (1t} in Figure A-4. The statixtically host linear fit is

L)
.

~h. 6l .

uv B ka .

etnine
This fitted curve igrecs well with preshot predictions.

Pressury measuranvents were made with time-resolved and with peak-mossuring
inktvyumnents, butk only in vhallow ponds and atreams on land,  Insirumanta were nol in-
stallod on FRI'a [ish-holding pens to measurs pressuras al soa because bad weather kept
the pens lrom beiny deployed, Mounte of instruments in ponds and sireams consisted of
glukes driven ingn the bottom or weiphts resting on the bottomn, holding gages with their
senaitive elemeanty looking sudeways [the so-called side-un position, with d'ldphlragn‘l
vertical} so as tu avoad readiog dyoanne preasurss, Five Lime-rogolved records ro-
sulted, two each 1h lakes DP and DK, and one 10 lake AP, Thege are shown in
Figure A«5, Al records ahow an initial slowly rising and falling pulse, the one in
Figure A fa with an amplitude wl about 0, 3 stmasphere,  They then fall to a constant
level of about -0, 05 atmosphers, and reman there yolil 3 sevond aignal, unless powey
fala Lirst, (The extra spake at L seconds 8 o power trapswent progeal on all recorda,
and ia to be \gaored, ) Tn Figure A-fia the second sigpal is a very sharply rising sigoal
that reached an apparent amplitude of 2.1 atmosphere,  The first presguee signal is
interpreted as being the rnitial gpround shisk wave conung inte the water from Lhe rock
bulow, limited to low prassures by reflection in tension froma the upper water surfage,
Waler 1y thrown up inte tho act b thic tise, and thereafer both pround and the water
aveet il are in fres fll, The pagegrelivved of the pressure of the waler over it, teads
a steady -0, 05 atm. FPhotography ol DK [ake and o pearby unnagned lake indicates that
during this vima the surface nf the water vines lastor than the ground, and lakes on a
white (vamy appearance, It is thus possible that the gage is out of watap, but if so the
steadinesy of the pressure observed implies that alrhas antered the space around the
gage. The agcand pulse ik not well explained, Photography indicatas that it occurs at
the lune of slap-down (spall closurs) in the bedrock uhderlying the lake, The surface of
the water continuee o vise, fastor than before and with a inorg irregular and spikad
aAppearance,

Thore are two possible sxplanations of the sacond pulse, One posasibility is that
the overlying watar hae buean throwhn (ree nl the gage and the obsorved signal is a
respotse tu ud and ather hottosn materials thrawn up by the slap-down accelaration
pulfe, In this case the oxcillations of the sacond pulse seen in expanded time scale in
Figura A-( nught be due to the i rregular patare of the bollum coinling up, Figurs A-ha,
on the other hand, haz enly & single spiko. The licld engineey reports that lake BP had
& hard battenn abaur 15 o 6 inchas) thick with solt material balow that, and that this
laye b was ol reatly uhiinlurbed after Cantnthn, whevoas Iakes DI and DE had soll
mucky bottoims,  The difference in botboone {5 coneistent with the difference in wave
whapes, and lends weight to the hypothos e that the second pressure pulae is & response
b TeERGETY yridde rraks,

1
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The second possibility ts that the second pulae obsorved in the pressure records
ig real, Simple theory (Mewton's Second Law ol Motian) indlcates that the avorage pros-
sure in shallaw punds should be rélated to the accelerations of the hattorus of these ponds
as

AR = pha
whorg N

AP pressute .
p = donaity
b = depth of water

a & acaeloration,

A more complicated theory that accountis for reflections withio the layer of water
(Murritt, 1971)*, applied Lo shallow weter, indicates that for waves whose accalerations
Tige to their peak in times shortor than the reflection time in the water, proséure in
the waler ovarshoots and vscillutes about what the simple theory would pradict; whareas
. for waves whoee riso times arn longer than ve(lection times in the waler, pressure iol.
lows what the siruple theory would predict. Under this hypothesis the wnitial pressurs
pulse Gbicrved vp cach of these five pages is a noenoscillatory respense Lo the slowly
applied first accelevation pulye, and the second pulse is the oscillatory result of a very
sharp stap-down acceleration pulse, I this be true, these pressure records can also
be interpretod as daceelervation records, Twoe of the five happen to be near acealeration
gage installations. Tho pressure record at BP interpreted as acceleration yields 23 g,
the acceleration there measuved directly was 22,5 g, Similariy the roaults at DK 2 are
37 goand = 30 g, On Lhe othor hand, campatisen at geven posifions botween accelaralions
derived from peak pressurcs measured hy passive gages (P, in Table A-4) and asceler-
alions road by poak- peading acceleromaotets (AY in Table A-3) are much leas satisfac-
tory, differing generally by a factor of twa, This discrepancy could, however, bo due
to unsatisfaclory gages,

Perhaps the tell-tale ohservation aboul thyse second prevsure pulses is that
derived frorn the biological experiments, Pusishot, many stickleback were obsorved
killed by apparently Cannikin-relaled injuvies, These hish, considered as bivlogical
pressure gages, imply that the second pressure pulses measured in (feshwater ponds
were indecd real,

In Table A-4, the apparant pressurcks due to slap-down are labulatnd in 4 column
headed Pg; thase due to the firet pulae jn s column headed Py, There is every reason
to beliave thal if tho aclive gagea, whose operating principla was a metal diaphragm
actuating a variable - vreluctance pickup, responded to the slap-down; then the passiva
gages also responded similarly to the slap-down, since thely vperating principle was a
diaphragm pushing an indenter cutting aofl metal, The parsive gages were not affected
by the |, B-xecond power losa, &o that their recults are an upper limit to the prossure
where they wore,

It hag been poted by Everett of O, 5,1, , by the U, 5, Geological Sarvay, and
others thal the patfern of permanent L'l'p]'ifE;I and subsidonces sround Cannikin ix (Ar lrom
syimnetric (wilh the lowest point being displaced (romn surface zero) and that the greatest

*wiorrion, ML, 1WTLL “Grouid Alack and Wt frasaare from Miliow" . obcience 1018} GBG-T00,

All

cudsial disfurban v wers between adpsent taults fo the north and south of Canhikin -
nol thal there wax no diglurbans ¢ beyond, st ioach less. Uplift on the Bering cuoast
(Table A-5) is & to d tnnek the 30 am prodicted there,  Inoreased accelerations, how-
cver, were pol locabi sed to thos region T as Vapure A-4 indicates were genaral out ta
a distance of 6 ken, That most af these high -acoeleration Mmeasurameats were imade on
Rsgive gages sugpeste Lhe presence of o syslematic error, owevary, the furthey co-
incidence that all the Linge-reaelved vr active medsureiment= to this distance have wave
shapes indicative al an ynderlying vpull wuggesis that these hiph readings are toal, At
Lhis painl in tinge the isdoe cammet be pesolvied, !

Finally, what were the pressures o the ke to either side of the istand?  And in:
partivular, were theve sharply vising palses of prassoce thera?  On Mileow direct med -
SUTOTEntE wete made of nnde rwater pressure aod of sed Noor motion [(Meerie, 1969), %
Four uut af five Milrow pievsuronuent stations (W8, 13, b, 201 were in a vegion of pos-
gible wpall; two (WE, 20) were jin o repion uf cavitalion, There is po indication in the
Milrow pecords of 4 spall-induced pressure spike o bullom spell signal svuch as we have
cunstrued on land in Canndan,  Inaddition, the vevords show no sharp spikes at the
end of cavitation, whivh is the waler vguivalent of glap-down, At cach of the five
Milrow unde rwaler slation® are ol the bwl bottem [Hessurs pipes was recorded on IRIG
channel V2, which 12 ellectively a luw- pise systemn with o coteff (roquency of 220 Haz;
similarly a gapge al wach statian al partial depth wies an IRIG channel 13, with a eutoff
Irequency ol 330 Ha. These paper would have roe orded any spike wilh pipe tine of 1 to
Smillisgvonds or longer, 1 oonclude thad there was pu such pressure spike in doop
water oy Milrow, apd none sither on Cansihin,

It Temaing only 10 estimate the underwaler presawtes at Capankin af sea in the
albsance of any direct mmeasurerent,  Since the Milrow ande rwate # prassure wave shapes
ag in Lhe waler layer,

are well acvounted tor ag the superposztion of waves reverberati
each simyidar to the vwelooily of the seds [loor, and einee the vertical velocitios measured
oo Gaanikin are very o lese to those predicted {Figuee A= e proesbol peedictions of
decp-ses propeures fENdin as guod eslitnastes ot what happence as van be made at this
tinie, These estimales sre ropeatod in Figare A-7,

Oeean -pottorn overpraksure and the region withim which all underpressures arg
equal Lo i.'.nl"l'.l]')luh' pressure rulpase or cavilslion are piven in Fipure A-7,  The musl
wigtapredd efinct w0 cavilation; als areal coverape 15 greater than the 10O pai (6. 8 aln)
cuntayr.

S T LTI S D 1RHiE, " Lindt bl er RO b ael S Warpfeure s, Miliow Dveme”, Saibdia Dalsg o] M-p b7 0
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COMCLUSTONS

Measyred peak veptical argelérations on Vand were in the oprder of 50 percant
farger than the Cannikin predictions available to Bislogical invostigalors, Measured
peak vertical velocitios were as predicted, Permanent uplifts in a section of the
Bering Sea cosst were (L&85 to L, | m = considerably larger than predicted; coastal up-
lifta elsewhcre have not yot beuy ‘detérmisned,

I'ressuroyd in shallow an-shore waters consisted of a short duration pulsa of no
great amplitude — generally bess than 0.7 atm alter which the waters aad any frog awuu-
ming figh in them were thrown upwards in a state of pressyre relief, On slap-dawn of
ppulléd rack A hundrad meters or more beneath lake and stream bedy, sharp second
pulees of I to 2 atmosphore amplitude regulted,

In the absence of direct measurements, and because surface velocities were as
prediceed, underwater overpressurss and underpressures at sea are conntrued to have
baen as predicied preshot.
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APPENDIX B

. METECRCLOGICAL CONDITIONS ON AMCHITKA =
FTROM D-2 THROUGH D47 ’

MNational Qceanic and Atmospheric Administration,
Alr Resources Laboratories, Las Vegas, Nevada

The MNational Qceanic and Atmospheric Administration, Air Resources Labora-
tory — LV [ARL-LV}) collected meteorological data on Amchitka in support of the
Cannikin test. Since the local weather conditions prevailing before, during, and after
shottime are believed to have had a considerable influence on the testtime findings of
the Amchitka Bioenvironmental Program, the ARL-LYV data are included here. The
direction and force of the winds during and after shottime are particularly impeortant,
since they undoubtedly influenced the distribution of marine mammals, birds, and
fishes killed or injured by the detonation. ARL-LYV has concluded, on the basis of a
review of all weather data available from the area, that the best information on the 5
direction and velocity of the winds over the southeastern half of the Island, where
Cannikin SZ is located, is that recorded by the sensors on Tower 8, an 88-ft. Tower
located at the Main Camp. Data were collected at this station only on D-1, D-day,
and D+1.

This Appendix presents, in addition to the Tower § data, the weather data col-
lected at the Amchitka, Alaska, airstrip. However, the reader is advised that wind
directions as given at the airstrip consistently differ by 20-30 degrees from the direc-
tions recorded by the Tower 8 instrument. Concurrent wind data from military ships
stearning in the vicinity of the southeast end of Amchitka Island corroborate the
Tower 8 data.

ARL-1LV:also collected meteorological data at the Northwest Camp. However, i
for the purposes of this report, it is believed that the Tower 8 data and the airfield
data {with dué allowance for the difference discussed above) most nearly represent -
the weather conditions prevailing in the vicinity of Cannikin SZ during the period of
interest. ’




TABLE B-1. RECORDED SURFACE WINDS

Noveinber &, 1971 (D-1) . November 6, 1871 (D-Day) November 7, 1971 {1y &

Main Camp Towgg8 - _ Amchirka Aitport Main Cainp Tower 8 Amchitks Airport Majh Camp Tower 8 Awmchitka Alirporit

Timwe, Ditection, Speed, Din:ction(ﬂ), Speed, CGusts, Direction, Spaed, Direction(d), Speed,  Gusts,  Dircetion, Spoed, 1.'_Ju'e.ns:[iuul ‘”, Speed,
RST deg ok " deg ke ke dey kt deg kt ke dog It deg ke
0000 230 16 -- - - 270 40 244 30 50 S0 11 -- --
0100 200 16 .- -- -- 2740 11 240 32 48 20 19 - --
0200 210 18 - - - 210 ™ 250 28 40 300 18 -- -
0300 220 20 -- -- 280 ) 260 Y6 al 300 16 -- -
0400 190 17 -- -- -- 280 31 260 25 40 e 15 -- --
0500 23 12 . 190 14 -- 290 34 250 25 40 280 16 -- --
0600 230 17 190 17 -- 300 40 260 26 44 280 19 -- .-
0700 219 19 190 16 -- 510 7 -- -- .- 280 16 50 14
0800 200 21 170 18 - 290 36 -- -- -- 260 15 250 14
0900 200 22 170 20 .- 410 40 -- -- -- 270 17 250 13
1000 1850 25 160 18 -~ 300 3 - -~ .- 280 10 250 13

1100 170 a2 150 20 30 300 a5 -- -- - i 11 240 12
1200 170 39 140 a0 40 310 28 -- .- 270 11 o506 10
1200 170 47 140 35 53 310 k% -~ -- - 270 13 240 14
1400 150 50 140 40 60 310 13 -- -- -- 260 11 240 12
L1500 190 51 160 36 ° 50 319 30 280 20 30 260 1y 240 13
1600 210 50 170 36 65 310 28 -- -- -- 240 09 .- --
1700 230 58 130 3 64 310 26 290 40 . 50 oy ] - A
1800 240 59 200 40 &2 310 32 260 20 a0 200 08 -- --
1900 250 50 210(D) 45 65 310 27 -- - - 160 08 .- .-
2000 260 aB 220(%) 35 a6 310 26 -- -- -- 150 11 - --
2100 270 43 230{d) 0 60 - 200 2 .- - -- 150 1 -- --
2200 270 44 2q0(8) 35 60 300 24 - - - 150 18 - --
2300 210 42 240 a0 54 420 18 -- - - 150 18 -- --

(a) 20 o 30 degrees should be added o all values in this column to compensate for a congistent inaccuracy in the instrument.
(b) Variable 190 1o 230, '
{¢) Variable 200 two 240,

(d) Variable 210 1o 250, .
{¢) Variable 220 to 260. ! .

=g



TABLE B-2, HOURLY WEATHER (A5 AVAILABLE), AMCHITKA, ALASKA (AIRFIELD)

Weather amd Sea Level wind Wind
I'ime, Visibility, Obstruction Pratsure, Temp, Diew Pajar DirecuiontB) Speed( ), v,
BST Sky c:95q1:19n(a) mi’ to Vision : mb F Temp, F deg ki

Movember 4, 1871 (D=2): Solar Radiarion Toral 136 Langleys, 24-Hour Precipitation 0, 00 Ingh

0800
2900
1000
1109
1200

1300
1400
1500
1600

1700

0500
Odu:
iyIvn

04800

o900
1000
1100
1200
1300
1400
1500
1600
1700
1400
1900
2000
2100
22060
R200
2400

15040 scanered
2500 broken
1500 scattersd
3500° broken
2000° scattered
3000" broken
2000' scaered
3000 broken
2000° scattensd
300" broken
2500°" broken
2500 broken
2500" broken
2000° broken
8000 broken
2500° broken

400" abscured
400" obscured
400" bioken
30U0" overcast
400" broken
3000 aovercast
00" obscured
500" overcast
500" overcast
400" overcast
400" overcast
300* sbsdared
3060 ohlecyred
500" pvercast
1500° overcast
1500 overcast
16007 overcast
1500" overcast
160" gvercast
1600 overcast
1600" overcast
1500 owercast

10
10
15
15
15
20
20
a0

15
15

November 5, 1971 {D-1); Solar Radiation Tolal 9 Langleys; 24-Houc Precipliation 0, 40 loch

1013, 9
10152
10156.7
1016.17
1017.4
1018 .4
1019.2

1019.8

1020, 5
10211

B

40
42
43
a9

41
40

FEEE R

34
34

3
4

3

Fog
Fog

Very light rain & fog

Very light rain & fog
Very light vain & fog
Light rain & fog

Light cain & fog

Light rain & fog

Rain & fog

Raln & fog

Raln & fog

Light rain & fog

Very light rain & fog
Very light drizzle & fog
Very light drizzle & fog
Fog

Very light drizzle & fog
Very light drizzle & fog
Very light drizzle & fog
Very light drizzle & fog

1017.1
1017.0

1016.0

1015.
1013,
1011
1008,
1002,
994.
80,
96,
82,
oaz,
a3,
8B2,
985
o988,
990,
993,
Y9G, 3

L= N - -~ =TT I R S ]

L= P

L X
43

&
L ~]

ol < S -l 3

43
43

43

43
43
42
42
43
42
4L

43
44
a4
41

40
39
1]
39
ha
39

270

270

280

280

280
270
270
280

260
250

1%
100

190

170
170
160
150
140
140
1)
160

- 110

190
200
210
zo0
230
240
240
L40

24G35
20632
22630
20G30
20630
20530
20630

18Gi8

14G24

18

14
11

16

18
U
18
WNGI
0G4

&Cad -

0GR
365650
JEGHE
IGE3
Ll
45565
B|WGEES
J0GE0
FGHD
35G54
0GB




Novernber &, 1871 (0-Day); Solar Radiation Total 139 Langleys; 24-Hour Precipitation ¢, 04 [nch

0odo 1500" avercast 4 Very lighr drizzle & foy 995, 2 43 as 240 AGH0
0100 1500" overcast © 4 Vety light drizzle & fog 97,1 43 9 240 3z 48
0200 000" overcast - b Fog 998, 4 al 39 250 2RGA0
0300 190° broken : :

3000° broken 1] Llght drizzle & fog 999.8 43 R 260 . plies
0400 900" broken - .

2500° overcau 6 Fog 1000, 9 42 40 260 | u5040
0800 1500° avercast 6 Lighr rain & fog 10025 42 40 250 250040
0660 1500 scatrered '

3000° avercast B Very light rain Wo4.5 41 - 40 260 B5Cdd
1500 2000 scatrered 20 10319, 9 11 30 280 20530
1700 2600" broken 20 1023, 1 39 32 250 2060
1800 4500 broken 20 0242 M M 280 L0G30

November 7, 1971 (D+1); Solar Radiation Toval 139 L.angleys; 24 -Hour Precipilation 0, 04 luch

oT00 Clear : 20 1633.7 Kt it 450 14
(1800 Clear 20 1033, 5 Kyl a0 200 ' 14
0900 2000" sqattered S20 103317 a8 31 =11} 13
1000 200" 2eatiered 20 1034.9 S8 31 250 13
1100 2000° broken

20, 000" broken 20 JITHL 42 3 240 12
1200 2000° broken

' 20,000 broken 25 W35, 2 a2 a3 260 10

1300 2000 seatte resd

20,000 broken 25 was. 2 42 33 240 14
1400 2000 scatterad :

20, 000 broksn 25 034 9 42 3 240 12
1500 2500 scattered . ]

20, 000" avercas 25 1034.5 42 BRI el 13

Novemnber B, 1371 (D+2); Solar Radiation Total 39 Langleys; 24-Hour Precipiration .41 1o¢h

0700 200" abscured 1/2 Very light rain & fog 1015. 3 42 42 1:10 Y4004
00 100 obscured 1/2 Lighe rain & fog 1014, 4 42 42 140 24644
0900 100" obscured /a4 . Light rain & fog 1013, 3 42 43 130 4G4
1000 100" obscured 1/4 " Wery light rain & fog lotzn a4 44 140 2OGH0
L1060 100" ohscured 1/4 Very lighe rain & fog 1011. % 45 45 150 16G26
1200 100" obscured 1/8 Vary light drizgle & fog 1010, 6 46 46 7o 15685
1300 100" pbscured 1/8 Very light drizzle & fog 1009, 3 46 dki 114 18
1400 100 obzeyred 1/8 Fog lo08.3 4 46 170 17
1500 100" obseured . 1/8 Very lighr rain & fog 1004, O 4ii 4i 1t 15
1600 1007 obycured” - /8 Very lighe rain & fog 101, 0 45 45 170 14
1700 10" pbhscured 1/8 Very light rain & fup IR -] 4o 170 14
1500 2007 gbsoured Sy Light rain & jog 1005, 1 44 15 170 t
1400 200" obscunnl 1/2 Vury light rain & foy loug. 0 46 LIH 170 18
2000 2007 ahgured 172 Lighe vrain & fop W2, G 46 A6 170 20




TABLE B-2. (Continusd)

: ‘ Weather and Sea Level Wi Wind
Time, visibility, Obstructions Prassure, Temp, Dew Point Direction(b), Speed 9,
BST Sky Condition(3) mi to Vizion mb F Temp, F deg kt

Movember 3, 1971 (D+3); Solar Radiation Total T8 Langleys; 24 -Hour Pracipitation Trace

0100 200" obecured 1/2 Moderate drizzic & fng 096, 1 47 42 280 1%
0800 200" obacured 1/2 Very light rain & fog 996, 7 42 42 280 1o
0900 100" searered '
500" scattered
000" avercast . i © Fog 97,1 42 43 240 10
1000 200° thin broken .
1800 overcast ] Fog 997, 4 42 41 220 13
1100 300" overcast [ Fog 997.1 42 42 220 15
1200 600" broken
1500 overcast ki ’ 996.17 a3 4 @20 16
1300 500° overcast 7 996, 4 43 47 a0 15
1400 500" broken
, 2000 overcast 1 4996. 1 44 42 230 #
1500 £00° scanered
2000 seattered ' 1 995,17 dd 42 ] 220 i (s
1600 00" seamered ' ' 1
1500" broken 7 : 2057 a # 210 1 o
1700 900" seattered
2000 hroken ki : 096, 4 42 40 200 L1B28
Movember 10, 1911 (D+4); Solar Radiation Toral 112 Langleys; 24-Hour Precipitation 0. 04 [nch
Q700 2000" broken 10 . a98. 8 a9 a2 240 25530
0300 BO00" broken 10 049, 1 x a 230 2060
0800 2000°" broken 10 99,9 % Ex 240 20G30
1000 2000 broken 10 ' 10001 n a2 240 25Ga8
1100 2000° broken 10 . ‘ 1000, 5 Eif R 240 22C34
1200 2000° hroken 10 1000.8 ¥ N 240 24636
1300 1500 scattered 16 10001 440 31 240 24G06
1400 1500 broken 15 ‘ 1060, 1 44 it 240 25538
1500 1500 broken 15 1000, 1 L] 31 240 24G39
1600 2000 b ken 10 Jo00, 5 29 P! 240 25C40
1100 2000° broken ' B 1] . 1000.5 39 29 240 13638




Nuve‘mber 31, 1971 (Dra}; Solar Radiation Toral 75 Langleys: 24-Iour Precipitation 0, 06 1nch

o700 2500" broken 10 : 1004, 3 ko) RK] 24 18
0800 2500" btoken w . 1006, 2 37 30 240 ‘ 16
0goo 2500" peken: 2s 1067.0 an 30 240 16
1000 2500 broken 25 1007, 3 39 2 260 .18
1100 2500° acattered 25 1007.0 41 2 : 210 ' 17
1200 2500 scartered . .

20, 000" brokan 2% 100%7.0 41 . X2 210 18
1300 2500 scattered

20, 000" overcast aa ' 1005, 3 41 ] 180 17
1400 2500" scattered ‘

12, 004" overcas 20 . 1004, 3 40 33 170 16
1500 2800° scarmered

12,000° overcast 20 1003, 2 40 35 174 15
1600 1800" pvercast 15 1001, 8 40 36 160 10
1700 1000° pvercase 1 Light rain 1000, 8 Rt an 160 C10

November 13, 1971 {(DD+7); Solat Radiation Total 102 Langleys; 24 -Hour Frecipitarion ‘Trace

0500 1500 scatiered

2500 brokan 15 G882 R 24 250 2oGaR
0900 15007 scattered ) '

2500°" broken 25 988 4 33 22 240 240532
1000 1500° zcattered '

8500° broken 10 9887 a3 24 250 18G2H
110 1500° scartered } ‘

2500° broken 25 986. 4 M 22 250 } 20530
1200 2500 " broken k) ' 8.4 B T3 250 18G28
1300 2500 broken 33 . 987. 6 hid : 23 240 20G30
1400 2600 ' scanered 39 987.4 a1 23 240 20530
1500 600" overcast 2 very llghl MW 987. 6 n e 240 20590
1600 1500° scarteted

2500° broken T 987.0 36 9 250 20G3a0
1700 2EO0" dvercast - T 8374 kT4 29 200 20650

L-9 puE g9-g

{a} Clear # <0, 1 sky cover, scattered = 0, 1-<0. G sky cover; broken = 0_6-0_% sky covar, overcast = >0, 9 sky cowve; obdcared = 1.0 shy hidden by precipitation or
obstruction w vision {fog).

(b) Comect wind directlon can be obtained by adding 20-30 deg to value given.

(¢} The notalions 24G35, etc., mean average wind speed of %4 knot, with gusts up to 35 knots.
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APPENDIX C

GEOLOCIC AND HY DROLOCIC INVESTIGATIONS OF THE CANNIKIN S1TE

iy \

U. 5. Geological Survoy

Introduction

The U.5. Geological Survey {USGS) of the Department of the Inlerior has principal
redponwibility for definonyg apd inerpesting the goulogic and hydrologic environment of
underground nuclasr explosions, ' ’

Maat of the gaologic and hydrologic investigatlons on Amchitka were directed toward
preparation for and complelion of Milrow in 1969 and Cannikin in 1971,

Deflinition of the Geologic Enwvironment

Goologic investigations enhanced by acrial photoyraphy, an infrarod survey, an acro-
hubgnetic sUryvey, Eravity surveyus, and marine grophysical surveys weére completed
and vvaluated prior to Mirow in 1969, Further studies in preparation for Cannikin
included atudies of the lectonics ot the Alwutian aye and marine -terrace studies which
were complated to provide background information lo aid in assessing the poasibility
of triggering large varthquakew and taunamias.

Sike Selaction and Evaluation

The working point for Cannikin wag selected ob the basin of depth, predicted suitability
of rock for chambering, and minual watsr infllow.

Guologic and Tectonie Effects of Nuclear Explosiona

Exploston-produced geologic and tectopic effecta ware predicled and docomented for
both Milrow and Cannikin, These included such effects as fractured yrock, collapse
sinks, ground defurmation, and fanlt movement,

Guologie effects of Cannikin ware similar to those of Milrow but of anticipated lapger

magnitude. CLIT wpall along the Bering coast was yreater than anticipated abd is
cutimaled to be aoma 25, 000 cubic meters of rock and turf, The Bering coastline
wirs Uplifted 0. 25 ta b L m {0, 8 60 3.9 f1) along about 2 kin (1=1/4 milas) of coastling
nearesl to Lhe site.

Mearly all visibie geclogic effects ware confined betwern two east-tronding faulvs which
are 700 ¢ (2, 500 {t) vouth and |, 068 m (3, 500 ft) north of the site, The northern fault
wan nffaat al the surface o masimon of 60 cm {2 [t} vertically along 460 o {1, 500 [t)

of striked at shot tinws,  The south tault was offsst & maximam of 60 ‘:n_‘{ vertically along
about 1,430 m (4, 700 ) of stribe. Moyt ol the voweimnent on the latter fault 334 nol
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gecur until the collapse sink was formed, Precise surveys show that a line 2 km

{1 1/4 miles) long Lrending northeast across 37 extended 1, 2 mo (4 1t),

Culculatod straing decrease wilh slant distance from S5¢ as thoe minus 3 power oul lo a
distance of & ki (3, 7 udes), Al Lthat distance the siraln was 2 x 10-%, aboul the linut
of detection [or the method uhqd'. Fri.nc;ipal atrains show northeast-southwest extension,

The coltapsr sink appeais from preliminary surveya to have an oval ahapo about 916 by
1,870 m (3, 000 by 4, 500 ft) in diamoter wilth a maximwm depth of about 20 m (50-60 ft).
It 1& asyrametrical in that the maxirowm subsldesce 18 366 m (1, 200 ft) east-sontheast
of 52, Subsidunce at 52 was only 5 m (16 ft), The asymmetry of the collapse sink is
probably related (o geologic sirucbure, The chimney appears Lo have vloped upward
normal to the dip of the beds. When the chimney reached the purface, the bedrock
dropped as discrete blacks broken along small faults and joints. Some of these
fractures were offset 35 mauch ag 3 m (10 ft),

Definition of the Hydrologic Environment

Groundwaler studies were deaigned to dotermine (1) the groundwater flow syatem,
{2) the chemigal and radinchemical quality of water, {3} the hydraulic characteristics
of specific rock units and intervals, and (4) the acceptability of sites selected for
emiplacement holes, - )

Autuinatic continuous-recording gapes were mstalled on {ive streams to delermine the
Lase [low of the streams and to messure storm runefll, These gages were also used
to monitor ellects ol the underground teste oo the siream flow. Streams selected tor
gaging stations include streams that drain the Milraw and Canpikin test sitos and .one
area bhetween the two sites, Water levels were rmonitored in 28 holes an the Iagland to
evaluate changes in water level, both nalural and man-made,

Precipitation records were acquired by fwo automatic precipitation gages and daily
pru:ipitatinn records were collected at the air lerminali,

Hydrologic Effecls ol Explosions

The hydrn)logic e#ffegts of Cannikin were similar to those of Milrow, At bath sites flow
of the streams draining the site was reduded, This was caused by capture nf part of
tho atrcam flow by collapac of the sinks. Another effect of the testa is the creation of
A cond of depropsion in the groundwatsr in the chimnoy avea.

After Cannikin the diacharge of While Alice Creek, which drains the test site, was
reducad to about 4 percent of norimal. [tis estimated that the Cannlkin chimnoy will bo
filled in about 9 monthe by the vretuen {low of the groundwater toward the chitiney and
the addition of surface runoff, At that time the ¢losod depression fermed by the sink
will start to fill and form a lake as much as 6 m (20 ft) decp_ Only aftey the chimney
and lahe 00l will While Alice Creek reayme normal discharge,

Long-Term Hydeolopie Munilaeing Program

A lung -term hydrologic monitoring progreatn was setablished on Apichitka in 1967, As
part of the monitoring progeaim a waler-sampling netwark was satablished, The

L-4 aml C-4

sampling network of 60 stations presently includes 23 lake, 159 slream, 5 secp and
spring, T woll, | precipitanion, and 9 occan water-gampling locationa.  Samples
from thase locations are analyswd routinely fop chemical canstituents and to ectablich
radinlogid_ﬂal hankgrouml Eetwarlf ol l.}.'it.illm and of grovs alpha and grosg bela contents,

Sampling frequency immediately after Cannikin haw been bimonthly, and will be
yuartesly aller the wod of tha firet year. Starting approximately 1-1/2 yas s after the
cvant, sampling witl Bo an an annual bapin, GCurrent analyses show no nxeuugrahle
e pease an radioactivity oviee preahot daga,

The Cannikin FOCnErY hele has haeen di-w-.l::.pe-.(l a% a hydrologic monitoring hule, Water
samples will be obtained from various levels in the chimney to deternune the distri-
bution of radicactivity with time, and the water level will by monitored Lo determine
the rate of chimney lilling,

All samplex collected after Cannikin will be analyzed for teitium using the liguid
swcintillation mwthod with a lower Linit of aboul Z00 Lritium wnite (U}, ALl samples
will ber analysed [ur grosw alpha, and gross beta/gamma,  Any sample colleceed from
critical or suspect areay or Lbhat contadns greater than background concentrations of
prosk alpha or gross beta/garmma will be reanalyzed using low-level Lritiumn tech-
niques wilh a lawer liomat of about 20 TU.  The vamphes aleo will be analyeed for
specific radionu lides including strontium 90 Lo differentiate the source of the radio-
activaty from worldwide fallowt.

Routine repoecie of the long~teem monitonng resajts will be prepared anpually, and
prompl, special reports will be prepared if wbove-buckyround concentrations of
gvent-related radioaclivity are lound.
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PHOTOGRAMMETRY
. [

ApproXxitmately 5000 acrial photographs waore taken over Amchitka prior to and
after Cannikin by 4 BCL photog raunatriat, The photographa wers taken to support
all bivenvironmontal studies and other contractors of AEC-NVOO, auch aa USGS. An
Alloutie LI helicapter provided a suitable platform for two Fairchild K-17B aerial
camnetras 9-1{Z by 9. }/Z-inch il format). lntensive obllque and vertical photographic
coverage with color film# and infrared calor film** was obtained (or the areas within

C3-km radii around Cannikin and Milrow 52, and the portion of the [aland lying betwaen

thess sites, Additional bul less intensive coverage wap chtained for that poction of the
[uland axtending from Cannikin noprthwestward to about D Site (Figure D-1), The total
area coverad by this aerial phutugraphy is approxinately 80 kin?,

FPhotographs were takien up ta & daye helure teattime, and photo missiona were
resumad un D-day, The largs-lormat pholugraphy lends itself readily to 4 precise
comparigon of terrain and searshare features, pre- and postkest, Il clearly raveals
changes in lakes (o, ¢, Nosures in lake bottoma and changes in wator level), and the
creation of new lakes and pande. [t whows vock falls and tundra slides around the
Buerlig Sea and Pacilic Ocean coastal clillv in ayfficient detail to permit good cetitmation
of volunnes of material digplaced, Crache and scarps 1 the inlapd terrain around 52
cah e measured, and caved portions of stream banks atd turbidity io oearshore marine
wateTs ats clearly delineated, The photopraphy is detailid and extensive enough to be
used for aystematie evaluation of Cannikin-related changes in the terrajn and nearshare
(oatures, [t bas been todexed and keyed o 1285, 000 Arimy Map Service map sheeta
# 2023 ] NW, 2024 11 NE, 2024 [II SE, and 2024 If 5W, Soma 1500 frames have been
copied on 35-mm slides for quick refarence and side-by-side cornparison of photo-
graphic data,

Sprcifically, the lullowing photographic coverage was obtaioed betwesn August 31
and Navember 12, 1971

s The area within J-km radiva of Cannikin and Milrow 5Z and the area
in betwean (Oblique infrared color and vertical color imagery; average
photographic wcals — 1:4000).

# The sea cliffs and 23 stacks on the Bering and Pacific Coast (Obtigue
infrared color and culor imagury; average photographic acale — |:1000),

& Tewt lakes within 3_5%-kin radiug of Cannikin 5% {Vertical color and
oblique infrared colur imagwry, average photographic scale = 1:1000).

& Thpee streams withan 4-km Fadiue of Canpikin 52 (Vertical colar and
vbligque nfrarvd color Unagery; average photographic scale — 1;1000).

TV iachiome ok film, hoduh Ty 5009,
= Infrared color [m, Kixiah Type ddds.
H
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& Six plant-ecolopy trabsects witlhuo Ho5-km ridlivg of Cannikin 52
tvertical colur and obligue infrared color, average phutographia

oy suale — L2000}, .
. i pn
: T ‘5’ a“g . & Peregrine (alcon wyries and bald cagle nesting sites within H-km
) f 3 b - radivg of Cantubin 52 (Qblique color imagery; sverape photoycaphic
o i i : s
e - scale 1:500) .
£ o =} '
. al
¥ E ® Poartwong ul Beting Ses and Pacific Ovean coastlines within 8-hm
" I @ Lo radiue of Cannikin 57 during low tides {Vertical infrared calor
H é_ié @ d imagery, average photographic seale — 121500},
ey ] m
z FIo§: . . ,
= 1 gz'- 5. ® 5SS arves within 1% kmo{Vertical culor, obligque color and infrared
- ;25"- g color imagery, average photographic sceale — 1:4000),
T I
) 4 —
z E E In addition to the Jarge-lornnat photoagraphic voverape, about 760 color or infrared
i ~ velur, 35-moand 70 vm pholographs were taken of selected features.
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